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Abstract 
Abstract 
Every year, aluminium producers have to dispose of thousands of 
tons of waste products which is known as spent potlining (SPL) 
materials. The SPL material often contains excessively high 
concentration of contaminants as well as compounds that are industrially 
valuable and could be recycled. The components of SPL of greatest 
concern environmentally are cyanide and leachable fluoride. It is well 
known that CN and Y are harmful to human beings. Hence SPL is listed 
as hazardous waste by more and more countries. The overall goal is to 
solve environmental and economic problems for alumjnium producers. 
In the present study, the chemical cleaning method used to remove 
the CN- concentration from SPL, which based on the use of peroxygen 
compounds, such as hydrogen peroxide and ammonium persulfate. 
Peroxygen compounds are known to oxidize CN- to cyanate (CNO-), 
followed by decomposition of the CNO- into ammonia and carbon 
dioxide. Unlike cyanide, fluoride present in the SPL material cannot be 
destroyed by oxidation; so, the Y removed by treatment the leachable F 
with high calcium lime. This treatment converts most fluoride 
compounds to the insoluble CaP 2, which suitable for disposal in a 
conventional industrial landfill. 
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In what follow a brief description of the different chapters reported in 
this thesis is given: 
In chapter I, of this thesis, a general literature survey of the previous 
research programmes have carried out to treat spent potlining (SPL) with 
the aim of producing an inert material or better to re-use some of the 
fractions of SPL is reviewed. Moreover, the aim of the present work is 
included. 
In chapter II, the experimental part involves the preparation of the 
various solutions were described in detail. I t  also includes description of 
the instrumentations used in the present measurements. The general 
procedures for all the measurements were also explained in detail. 
In chapter ill, the destruction process of cyanide through treatment with 
peroxygen compounds (H202 or (NH4)2S20g) in crushed and uncrushed 
SPL solution was studied. A systematic study of the various experimental 
parameters, that affect the destruction process of cyanide, was carried out 
e. g., pH of the solution and amount of oxidizing agent. In this context, we 
studied the effect of the presence of acetic acid and hydrochloric acid in 
the rate of destruction of cyanide, whether in crushed or uncrushed SPL 
- II -
samples. At pH 9.0 (in presence of HCI or acetic acid) the destruction 
process gave a maximum response compared to media with other pH s. 
The results show also that (NH4)2S20g is much more effective (97.2%) 
than H202 (44.9%) in the destruction of cyanide from SPL, under the 
same conditions. Furthermore, the ammonium per sulfate is more 
effective in the destruction of CN- in presence of HCI than acetic acid. 
For example, the addition of 33.36g CNH4)2S20g to the crushed bricks 
sample lead to the eN- concentration reduced to 82. 1 %  and 94.7% in 
presence of acetic acid and HCI, respectively. In general, the rate of 
destruction of CN- in the uncrushed samples in highly hindered in 
compared to that for the crushed samples. In th� the cyanide 
concentration was reduced to 92.5% and 37. 1 %  for crushed and 
uncrushed SPL samples, respectively, in presence of CNH4)2S20g with 
acetic acid. 
In chapter VI, the removal of fluoride as calcium fluoride (CaF2) by the 
treatment of leachate with high calcium l ime was investigated whether, in 
crushed and uncrushed SPL solutions. In order to find out the optimum 
conditions for collection of fluoride as CaF 2, several experimental 
parameters were studied, e .g., collection time and amount of calcium 
-ill -
lime. The results lead to the conclusion that the bulk concentration of F 
was removed within 2 or 3 days whether in crushed or uncrushed SPL 
samples and no significant change was observed after 3 days. The results 
show also that the treatment of leachable fluoride with 2lg calcium oxide 
for about 24 hours at room temperature can reduce the amount of F by 
almost 98%. 
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Introduction 
1.1. Overview 
A Hall-Heroult cell cathode l ining (Fig. 1.1) generally consists of a 
calcined anthracite aggregate and a carbonised coal tar pitch binder, 
although the aggregate can also include graphite and, less often, 
metallurgical coke. For cathode blocks that are partially graphitised after 
baking, calcined petroleum coke can be used as well. After a number of 
years of operation, the lining is no longer useful, because of deterioration 
leading to: 
(i) High iron levels in the aluminium product due to chemical 
attack of collector bars by cell bath; 
(ii) An intolerably high electrical resistance at the cathode-collector 
bar interface, or, in the worst case; 
(iii) Leakage of bath and aluminium from the cell .  The cell is then 
taken from service and the lining material is removed and 
replaced. 
In the process of Aluminium production, alumina is dissolved in 
molten cryolite in electrolytic cells, or pots, where the alumina is 
- 2-
electrolytically reduced to Aluminium metal. A nwnber of pots, usually 
more than 100 are arranged in series to fonn a pot lines. The pots contain 
a molten electrolyte consisting primarily of cryolite (Na3AlF 6), and 
operate at approximately 930 to 10000C. other materials are added to the 
electrolyte to improve the efficiency of the operation or to reduce power 
consumption: alumina, aluminium fluoride, sodium fluoride, soda ash, 
calcium fluoride, lithium carbonate and magnesium oxide (Rickman, et 
a1.,1987). 
Bas 1Ul'.-----� 
Sncliu:m limns ill 
catMde metal aJUl 
peJletra1es bdo 
catlto4e block ani, 
side 1nll 
Side Wall AlHJItIt---tT-
Cathode bllck ilBD.--J 
side wall are source 
tDrCarbon 
1.1 ALUMINIUM REDUCTION CELL 
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Alumina 
The hearth or lining of the cell is composed of carbon, which is 
backed by insulation and contained within a steel container called a pot 
shell. The carbon portion of the lining serves as the cathode and contains 
the molten electrolyte. The carbon lining is composed of prefabricated 
carbon blocks joined together by a carbon paste, which is hydraulically 
ramme� in the seams between the carbon blocks. The sidewalls of the 
lining are also typically formed with carbon paste, but may contain 
prefabricated carbon blocks. The carbon material within the lining, both 
blocks and paste are predominantly anthracite-based materials. They 
may contain some graphite to improve their electrical and thermal 
properties. Insulation packages for a cell are mostly of two types- abed of 
alumina, or refractory brick and/or cast able. 
At the end of its life, the aluminium electrolysis pot has to be shut 
down to replace the cathode, which is worn out and possibly damaged. 
After removing as much bath and metal as possible and separating the 
cathode bars from the rest, the materials left are the Spent Potlining 
(SPL) comprising carbon materials (first cut) originating from the 
cathode blocks, side blocks and lining paste and then the refractory 
materials (second cut). SPL are impregnated with fluoride and sodium 
salts and contain impurities, particularly traces of cyanides. Generally, 
- 4 -
The SPL consists of about 30% carbon, 30% refractory, 40% fluoride, 
and 0.2 % cyanide salts (Fig. 1 .2). The composition of SPL is variable 
with the cyanides concentrated in the carbonaceous fraction near the 
cathode bars pot shell windows (pawlek, 1996). 
CYANIDE SAL TS 
0.2% 
'-.... 
FLUORIDE SALTS 
40% 
Figure 1.2 Spent potlining is a carbonaceous waste containing fluoride and cyanide salts 
During the old cathode demolition, which might be carried out wet 
or dry, some smelters separate the carbon fraction from the refractory 
fraction depending on the solutions considered for SPL treatment. SPL is 
generated as a by-product of aluminium smelting. It comprises the carbon 
cathode, refractory backing� fluoride electrolyte salts, and fixed nitrogen 
as cyanide salts. 
- 5 -
The electrolytic cell process by which Aluminium is made 
generates approximately 30 kg of SPL for every ton of metal produced. 
For the primary Aluminium industry the handling of over 300,000 tons 
of this hazardous material per year is one of the important 
preoccupations. In the U.S.A alone, over 200,000 tons per year of SPL 
are produced, adding to a largely untreated inventory of over 2,000,000 
tons (Welch et ai., 1987) (see Fig. 1.3). 
US,CANADA& 
SOUTH AMERICA 
6MTONIYR 
EUROPE 
6MTON/YR 
AUSTRALIA 
&ASLAr.. 
5MTONIYR 
Figure 1.3 world production of alamiJliwtl metal 
(lM ronfyr= 1 million row'yr ID8ta1=5O k roDiyr SPI. 
During the operation of the aluminium reductions cells, cyanide 
ions eN" are formed at the cathode with the carbonaceous material held , , 
at a reducing potential through a mechanism whose details are still 
unknown. The cyanides are largely held as sodium cyanide salts and 
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collect in the cooler areas of the potlining including the sidewall blocks 
and cathode blocks closest to the busbars. Local concentrations may vary 
from the parts per million to the 1 % range with typical average 
concentration of 0.6 % throughout the carbon portion (the first cut) at the 
end of the useful life of the potlining. 1biocyanates are also formed due 
to the residual sulphur in the original cathode materials and that possibly 
due to the transport of sulphate ions from the anode to the cathode, 
followed by the reduction of sulphite and other electronegative sulphur 
species. No cyanates have been detected in our post-mortem 
examinations of reduction cells. 
Cyanide exists in three forms in wastewater. Free cyanide such as 
hydrogen cyanide; complex cyanide such as iron cyanide, nickel cyanide, 
and copper cyanide. Total cyanide is the sum of simple and complex 
cyanides but excludes other ligands such as cyanate and thiocyanats. The 
most common oxidative technique for the destruction of cyanide wastes 
is alkaline chlorination. This method, although adequate, has many 
disadvantages such as high chemical costs, formation of cyanogen 
chloride, chloride contamination, and incomplete decomposition of some 
metal cyanide complexes. Other methods such as electrolytic 
decomposition, ozonation, electrodialysis, catalytic oxidation, reverse 
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osmoslS IOn exchange, genetic engmeermg applications, and 
photocatalyic oxidation are evolving to meet the demands of tighter 
discharge limits. 
The storage and eventual recycling or conversion of SPL probably 
constitutes the aluminium industry's major environmental concern. 
Recent aluminium Association survey indicated that 61 % of SPL was 
landfilled with another 17% stored in expectation of recycling. During 
recent years, important research programmes have been carried out to 
treat spent potlining with the aim of producing an inter material or better 
to reuse some of the fractions of SPL, (Reverdy et a l., 1998) as shown in 
Fig. 1.4. 
OFF-SITE ON-SI'IE 
LANDFll.LS TREATMENT 
�/ 
ON-SITE 
STORAGE 
OFF-SITE 
LANDFll.LS 
ON-SITE 
STORAGE 
ON-SITE 
�TREA1MENI 
Figure 1.4 listing of spent potlinings as hazardous waste forces transition to onsite 
treatment 
SPL is classifled as a hazardous waste by the environmental 
protection regulation in the emirate of Dubai on 15 July 1991 (chapter 1-
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Article 4) The Federal Environmental Agenc of United Arab Emirates 
(FEA) regulations (Article 10) and Environmental Protection Agency 
(EPA) on September 13 1988 (53 Fed.Reg.35412) as a hazardous waste 
(K088) under 40 C.F.R., part 261 subpart D because it may contain 
significant amounts of iron cyanide complexes and free cyanide. 
Althou gh there are a number of methods for recovering useful materials 
and, in some cases, useful energy from SPL, the economics of these 
methods, as a whole are in doubt. In addition, it has been claimed that 
EPA regulatory requirements have impeded development of these 
methods. Hence, the method of disposing of this material has been in 
piles at the smelters or in landfills. However, prevention of leaching of 
environmentally unacceptable species from SPL necessitates expensive, 
carefully constructed and maintained landfills. For these reasons, reuse of 
SPL, as a lining material is potentially an attractive alternative (Reverdy 
et aI., 1 998). 
Many treatments have been suggested for processing scrap linings. 
Some are directed to the recovery of valuable products for recycling 
while others are primarily concerned with treatments of SPL to render 
them environmentally inoffensive. Today some facilities recover 
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products from scrap linings. However many reductions plant still store­
SPL on-site or transport them off-site for subsequent direct disposal. 
Due to new stricter environmental regulations, most of the 
facilities are moving away from the use of unlined and uncovered piles of 
scrap linings. Where storage piles are still exposed to rainfall attempts are 
being made to treat run-offs to reduce contaminants levels before 
discharge to natural water. All these measures increase considerably the 
cost of preparing and maintaining an environmentally "sealed" disposal 
site. 
1.2 .  Literature survey of the treatmen t  processes of SPL 
Cyanide compounds are produced and used in metal plating, gold 
mining, photographic processing, and paint and chemical manufacturing. 
Cyanide is also generated in coke ovens and in potlining leachates from 
the smelting of aluminium. The cyanide from these sources eventually 
becomes and aqueous waste product. Ferricyanides ([Fe(CN)6r3) and 
ferrocyanides ([Fe(CN)6r4) are some of the iron cyanide complexes 
found in these waste streams. Because of the disadvantages of the 
alkaline chlorination process, many alternative treatments have been 
investigated and utilised (Varun ta nya et aI., 1 993), including chemical 
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oxidation by ultraviolet light (UV), hydrogen peroxide, and/or ozonated 
air electrochemical oxidation' thermal hydrolysis; wet-air oxidation; ion 
exchange; and biologic al treatments. None of th.ese processes are 
sufficiently effective to produce the desired results in treating certain 
complex cyanides, particularly ferri-and ferrocyanides. One potential 
treatment method being further investigated uses ferrous (Fe2+) 
compounds to react with free and complex cyanide ions and produce 
insoluble iron cyanide complexes. The studies reported in this paper 
demonstrate that ferrous (Fe2+) precipitation can remove cyanide ions 
(both free and complex) to a concentration within the range of 1 to 2 
mglL. 
The cyanide contained in the iron cyanide complexion cannot be 
removed by alkaline chlorination at ambient temperature. One of the 
methods proposed for removal of complex cyanide uses ultraviolet (UV) 
light and! or combinations of ozonated air and / or hydrogen peroxide 
(Merkel and Marziarz, 1984; Zaidi and C arey, 1 984; Knorre and 
Griffiths, 1984; Gurol et  a!., 1 985; Varun tanya et aI., 1992). The UV 
radiation utilised is within the wavelength range of 250 and 350 
nanometers (nm). The reaction time is usually in excess of 1 hour, 
depending on the initial concentration of total cyanide, the presence of 
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other agents which will oxidise the wattage on the UV light, and the 
design of the reactor, to name a few of the variables. The ultraviolet light 
accelerates the decomposition of the iron cyanide complexion into a free 
cyanide ion and a simple iron salt. 
A number of processes for the destruction and/or removal of the 
rron cyanide complexes were investigated. These included the 
Schindewolf high temperature hydrolysis, ferro cyani de complex 
precipitation, hot or cold alkaline chlorination, ozonation and ion 
exchange. (Trachtenberg and Murphy, 1 979), discussed the pilot plant 
work for the ion exchange process and operation of the facility at 
Chalmette, Louisiana Discarded linings from aluminium reduction cells 
contain iron cyanide complexes, which may enter a plant's drainage 
system. The Federal Environmental Agency of United Arab Emirates has 
limited the quantity of cyanic material, which can be discharged from a 
plant site. In order to meet the limitation, the leachate caused by rain 
falling on the discarded cell linings in contained and an ion exchange 
process developed which selectively removes the iron cyanide 
complexes. The effluent from an operational plant meets our EPA 
drainage permit requirements. 
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In this operation (Fig. 1.5), any spent potlining containing brick/alumina 
insulation, residual bath, dross potroom sweeping, etc., is first ground to 
about 65 mesh preheated to 150 DC-170 DC and then premixed with a 
sufficient amount of hot sulphuric acid to give a friable solid mixture 
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1.5 Simplified Block Diagram of Proposed D-Process 
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which on future heating yields HF gas and sulphated solid residue. The 
HF gas can be used for the production of fluorides while the sulphated 
residue is heated up to 1250 °c, in the presence of small amounts of 
steam, to generate S02 gas and impure sodium aluminate. The S02 gas is 
reprocessed to H2S04 that is recycled to the process while the aluminate 
residue can be used in the bayer process or processed externally for 
Ah03.3H20 and Na2C03 through leaching in dilute NaOH-Na2C03 
solutions followed by CO2 gassing. The ultimate residue from the D­
Process would consist of 10-15% w/w of the original potlining taken for 
processing and be mainly inert alumino-silicates and iron oxides that 
could be disposed of as landfills. 
A variety of treatment processes developed to remove cyanides 
from industrial wastes are described (Desai and Ramakrishn a  1998). It 
is postulated that those based on biological processes have significant 
advantages over the physico-chemical ones. The capability of microbes 
to degrade cyanides is known but only recent research has shown how 
microorganisms can be harnessed to detoxify cyanide wastes. Though 
successful degradation of cyanides by microorganisms both under 
laboratory and field conditions is documented, field-scale processes are 
very few. Almost all of the documented biological processes are aerobic 
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and less attention has been given to anaerobic processes mainly because 
of toxicity of cyanides towards methanogenic organisms. It is pointed out 
that attached growth processes and combined processes such as 
oxic/anoxic processes may prove advantageous for the cyanide 
detoxification. It is argued those further advances in biochemical and 
ecological aspects of the cyanide degrading resistant organisms and 
engineering processes are necessary for enhancing the biological 
detoxification of the cyanide wastes. It is pointed out that more detailed 
biochemical and genetic information is needed for the development of 
genetically engineered strains for the cyanide detoxification. Description 
of some large-scale plants is presented to depict the commercial 
applications of microbial degradation of cyanides. The biological 
treatment of cyanide wastes is likely to improve further with advances in 
biochemical and ecological aspects of the cyanide degrading organisms 
and engineering processes. The biotechnological methods for the cyanide 
degradation have a major advantage over chemical and physical methods 
in that the operating costs are much lower. Also they are more attractive 
for the treatment of the cyanide wastes with high organic conten� in 
which the concentration of organic compounds and cyanides get reduced 
simultaneously. Till now, field application of the cyanide biodegradation 
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utilised only natural ly occurring bacteria obtained by enrichment culture 
procedure developed in the l aboratory or by natural selection in the field. 
Information regarding the genetics of the cyanide degradation! resistance 
is still in its infancy. 
S everal cyanide- tolerant microorganisms have been selected from 
alkaline wastes and s oils contaminated with cyanide. A mong the� a 
fungus identified as Fusarim S olani IHEM 8026 shows a good potential 
for cyani de biodegradation under alkaline conditions (PH 9.2 to 10.7). 
Resul ts of K 14  CN biodegradation studies show that fungal metabolis m 
seems to proceed by two-step hydrolysing mechanism (Dumestre et at, 
1 997): (i) the first  reaction invol ves the conversion of cyanide to 
form ami de by a cyanide-hydrolyzing enzyme, cyanide hydratase (Ee 
4.2.1. 66) � and (ii) the second reaction consists of the conversion of 
formamide to formate, which is associated with fungal growth. No  
growth occurred during the first s tep of cyani de degradation, suggesting 
that cyanide is toxic to some degree even in cyani de-degrading 
microorganisms, such as F. S olani. The presence of organic nutrients in 
the medium has a maj or influence on the occurrence of the second step. 
A ddition of smal l  am ounts of y east extract l ed to fungal growth, whereas 
no growth was observed in media containing cyanide as the sole source 
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of carbon and nitrogen. The sample hydrolytic detoxification pathway 
identified in the present study could be used for the trea1ment of many 
industrial alkaline effluents and wastes containing free cyanide without a 
prior acidification step, thus limiting the risk of cayanhydric acid 
volatilization ' this should be of great interest from an environmental and 
health point of view. 
The activated sludge process has been used worldwide for 
trea1ment of domestic and industrial wastewaters. Biological process is 
generally used to convert the fmely divided and dissolved organic matter 
in wastewater into flocculant settleable solids that can be removed in 
sedimentation tanks. The removal of cyanide and organic matter from 
effluents of Cassava industries by activated sludge process has been 
investigated (Nozaki et al ., 1994). Acclimation of seed took place in a 
batch scale reactor while the laboratory bench scale continuous reactor 
operating under complete mixing conditions was used for biological 
trea1ment of effluents. Kinetics parameters, sludge yield, substrate and 
oxygen utilization, residence time, F 1M radio, COD and cyanide removal 
efficiency were evaluated at room temperature, and controlled pH of the 
influent feeci 
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The treatment of spent potlining (SPL) has been the occasion of 
numerous studies in the world (Reverdy and  Personn et, 1 998). Several 
processes have reached the commercial stage in USA, Australia and 
Europe. However, in most cases a waste is generated and it needs to be 
disposed of. An other approach is to make total use of SPL constituents, 
with no waste disposal and with no air emission. Several processes 
allowing reuse of SPL are presented. In one case, it is now a full-scale 
commercial activity. 
Generally from the cyanide destruction profIles in the pots, it is  
evident that maj or concentrations of cyanide are located in the sidewall 
carbon region around the collector bars and to a lesser extent in the 
preformed block cathodes. The formation of sodium cyanide is controlled 
by a combination of air ingress around the collector bars and sodium 
penetration into the potlining. Whilst monolithic carbon-mix is more 
susceptible to cyanide generation compared to preformed cathode carbon, 
high purity graphite is even more resistant to cyanide formation within its 
structure. Although the presence of small amounts of iron impurity will 
accelerate cyanide formation at typical sidewall temperatures, iron is not 
necessary for the production of cyanide in the potlinings. 
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From autopsies of failed cells the cyanide distribution profiles 
within the linings were extensively mappe<L as part of an investigation 
into factors likel to influence cyanide formation. A parallel laboratory 
study (Yap, 1 985) was conducted to determine the susceptibility of 
different forms of cyanide generation, the carbon ranging from plant 
derived sidewall-mix through commercial prebacked cathode material to 
high purity graphite. 
In the laboratory study, sodium cyanide was synthesized by impregnating 
the carbon specimens with metallic sodium followed by chemical 
reaction with pure nitrogen. Whilst cyanide formation was found to 
readily occur in the temperature range of 500-600 °c in all carbons 
teste<L the less ordered sidewall mix was significantly more vulnerable. 
The reaction was accelerated by the presence of iron impurities, and the 
amount of cyanide generated in a given reaction time can vary by a factor 
of three. 
An electrolytic cell is operated until the double lining fails, 
typically a three-to-five year period. During the extended operation of the 
cell, fluoride is absorbed into the ceU lining while cyanides are produced 
there by chemical reaction between hydrogen, carbon, and nitrogen. 
These substances can have potential adverse environmental impacts, after 
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removal of the l ining from the cell the waste SPL are not adequately 
disposed. The need for an economical and environmentally-acceptable 
means for disposal of the waste lead the Aluminium company of United 
Arab Emirates and other countries to support a umber of research 
projects aimed at finding a productive use of SPL. The aluminium 
industry, through individual companies and the Aluminium Association, 
IS actively engaged in research and development aimed at 
environmentally acceptable disposal and recovery of SPL. In one-project 
laboratory results suggest that about 1 0-20% of the U.S.  cement plants 
could burn SPL in kilns and produce an acceptable product with an 
overall cost benefit In a second proj ect pilot plant work has 
demonstrated that SPL is a technically satisfactory substitute for 
fluorspar in cupola iron melting (Byers, 1982). 
Spent aluminium potliner is an SPEA listed hazardous waste 
(K088) as it contains roughly 1 5% highly leachable fluoride and (most 
significantly) 0.20/0 cyanide. The agency' s proposed land disposal 
restrictions (LDR) treatment standards, which will ban direct landfill 
disposal of SPL, are prompting the development of more environmentally 
friendly methods to treat SPL. The CYCOM process, developed by the 
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institute of Gas Technology (IGT) (Wagner et aI., 1995), is one such 
method. The technique thermally treats SPL to recover a significant 
portion of the fluoride remove the cyanide and produce a reusable 
molten ash (slag). Bench -and pilot scale tests have also been completed 
on several other SPL treatment technologies. The CYCOM process uses 
a cyclonic combustor to augment destruction efficiency by increasing 
residence time and turbulence. 
The SPL is an unavoidable by-product of the aluminium smelting 
process and is listed as a hazardous waste by the Federal Environmental 
Agency of United Arab Emirates regulations. A process suitable for the 
conditions in China has been developed successfully to treat SPL and 
recover valuable constituents (Yua n xi n  et ai., 1994). The process uses a 
relatively simple, proven technology, which does not require any more 
investment, and personnel, in which the SPL is used as the sulphate 
reductant ill lime-sintering process for alumina production. 
Simultaneously the process is very effective for destroying cyanides, 
converting soluble fluorides to stable insoluble calcium fluoro-silicate in 
the red mud and recycling valuable constituents, such as alumina and 
sodium etc. since 1 986 over 8,000 tons of SPL have been treated 
successfully at Shandong Aluminium plant and over 2,800 tons of soda 
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and 3,800 tons of alumina have been recovered. Cyanide in SPL was 
detoxified at elevated temperature. The process combined with 
conditions in China and compared with other options for treatment of 
SPL, was more competitive, reasonable and personable and economical, 
requiring no more equipment and personnel, while at the same time 
Ah03 and sodium in SPL was recovered and recycled. The treatment of 
SPL has been the occasion of numerous studies in the world. 
Several processes have reached the commercial stage in USA, 
Australia and Europe. Most of these processes generate waste that needs 
to be disposed of. Another approach is to make total use of the SPL 
constituents, with no waste disposal and with no air emission. Among 
several processes allowing reuse of SPL, one is highlighted here : 
(Personn et, 1 999). The addition of second cut (refractory) SPL to quarry 
materials in the raw feed of a Cement Kiln. Under close supervision of 
the French Environment Protection Authority, Aluminium Pechiney has 
developed a partnership with Cements D'Origny including an R&D 
program to demonstrate the capability of a Cement Kiln to accept SPL as 
a raw material despite the presence of sodium and fluoride. Although the 
carbon cathode lining of Hall-Heroult cell has years of useful life, it must 
be removed from service eventually due to deterioration. This SPL 
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contains environmentally unacceptable constituents that complicate 
disposal, and it is listed as a hazardous waste by the Environmental 
Protection Agency (EPA). A potential way to avoid disposal is reuse in 
linings. Tests were conducted to determine effects of SPL in bench scale 
cathodes. Although published work has indicated that Aluminium carbide 
and Aluminium nitride in untreated SPL result in cathode deterioration, 
untreated SPL was found to be satisfactory in their work. Expansions due 
to sodium absorption, measured in a reverse polarity test cell, were lower 
for cathodes with 1 000/0 SPL aggregate than for cathodes containing 
typical aggregate materials. Electrical resistivities were higher for the 
SPL containing cathodes. Blending SPL with electrically calcined 
anthracite resulted in expansions and resistivities within the range for the 
comparative cathodes, limited plant trials indicated that cells having 
cathode blocks or seams with up to 50 wt % SPL aggregate can operate 
normally. Cathode specimens produced using an aggregate consisting 
entirely of an SPL material containing about 50-wt % carbon did not 
deteriorate, whether or not the material was treated to reduce �C3 and 
eN levels. S atisfactory specimens could not be produced from SPL 
containing only about 25-wt % carbon. Based on the work described, 
reuse in cathodes is potentially a useful method of consuming a portion 
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of SPL. (Belitskus, 1 99 1 ) .  
A process has been developed for detoxifying SPL in which the 
SPL is blended with limestone and an anti-agglomeration agent and 
thermall treated in a rotary Kiln. The process is very effective for 
destroying cyanides and significantly reduces the concentration of 
soluble fluorides in the Kiln residue. The process uses a relatively simple, 
proven technology that is economically competitive to landfilling. A 
process for detoxifying S PL by thermal treatment in a rotary kiln has 
been developed and operated on a large scale. The cyanide is destroyed 
by oxidation and the majority of soluble fluoride salts are converted to 
stable insoluble CaF 2 by reaction with limestone. An additive is blended 
with the kiln feed to prevent the agglomeration of the S PL at elevated 
temperatures. (Brooks et aI, 1 992). 
The generation and safe disposal of S PL produced through the 
electrolytic reduction of alumina has become one of the industry's  
biggest environmental concerns. SPL is classified as hazardous in several 
countries, including the USA, because of its leachable cyanide content 
Comalco Aluminium Limited is developing the COMfOR process to 
detoxify spent potlining in an environmentally and economically 
acceptable manner (Wellwood et aI., 1 99 1 ). Development is at an 
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advanced stage and a 5000 tonne/annum treatment facility has been 
constructed to demonstrate the process on a production scale. Preliminary 
and support previous pilot scale development. 
The Aluminium Association and Ogden Environmental Services, 
Inc. (O£S) have completed a joint program to develop circulating bed 
combustion (CBC) techniques for the treatment of SPL - a by- product of 
aluminium smelter operations that contain soluble species of cyanides 
and fluorides. The overall goal of the development program was to solve 
environmental and economic problems for Aluminium producers. This 
goal was successfully accomplished by a combination of laboratory 
research. Pilot-scale test bums, process design specifications, and process 
cost estimates. After treatment in this CBC process, the resultant SPL ash 
meets all requirements for placement in non-hazardous, solid waste 
l andfills (Rickman,  1 988). 
The SPL is being l isted as hazardous waste in many locations. The 
industry is still looking for a method of SPL treatment, which combines 
two main factors:  
(i) Cost competitive to l andfIlls. 
(ii) Free of environmental impacts. 
The use of SPL from Aluminium reduction cells and other carbon 
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residues from such cell s when ground to a suitable particle size, provide 
a useful adclitive to clays used in the m anufacture of red brick ceramic 
products (Fi lho  et aI., 1 988). When clay products containing the SPL or 
residues are fired at high temperature to form bricks or other ceramic 
products, the carbon component serves as fuel while the other 
components form part of the ceramic products. Most of the cyanides 
present are destroyed during firing and the fluori des are absorbed into the 
ceramic products. 
Every year, Alumi nium products have to dispose of thousands of 
tons of waste products. The storage, recycling and conversion of some of 
these constitutes a maj or economic an d  environmental concern to the 
Alumi nium industry. SPL is notable in thi s  respect, since it contains 
valuable Alumi nium (1 to 5%) and carbon (40 to 65 %), al ong with some 
undesirable soluble amm onia, fluorine and cyanide compounds. 
(Mathi eu et aI., 1 990). A novel technology based on exploiting eddy 
currents has been developed for recovering Aluminium metal found in 
the discarded li ners  of the electrolytic baths S PL used in Aluminium 
production. The separation is achieved by the action of a repulsive force 
produced by a series of permanent magnets of alternating poles mounted 
on a rotating tank. The new device can be easily inserted in  the end 
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pulley of a conveyor system with minimal operation and capital costs. 
Comalco Aluminium Limited (CAL) has developed (Kidd et aI., 
1 993) the COMfOR process to treat SPL and recover valuable 
constituents at its Boyne smelter feed preparation circuit supplying 1 0, 
000 tpa of crushed SPL to and expanded calcination facility has been 
constructed. Commissioning of the second of two production calciners, 
designed on the basis of prototype test work, has coincided with that of 
the feed preparation circuit. Treatment of the calcine to recover chemical 
values has been demonstrated in a pilot plant and the design of a 
production facility is planned. The integration of the feed preparation, 
calcination and calcine treatment stages (the COMTOR process) provides 
aluminium smelters with and effective technology for the waste 
management of SPL. 
Chemical cleaning methods were developed (Pulvirent et aI ., 
1 996) for the removal of reachable hazardous cyanide and fluoride 
impurities from spent carbon liners used in Aluminium metal production. 
Cyanide can be destroyed by treatment with N aOCl solutions at near­
neutral pH. Fluoride can be removed by treatment with solutions of 
strong acids; e .g . ,  O.SM H2S04.This treatment is more effective at 
elevated temperatures (e. g . ,  80 Co) .  The acid used in chemical cleaning 
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can be treated in order to remove ex tracted fluoride by passing it through 
an alumina bed. Chemical cleaning is likely to be effective in treatment 
of spent liner material on a larger scale, since the used carbon contains a 
multitude of cracks and fissures, where the impurities in the carbon 
concentrated. Accordingly, the laboratory scale experiments described 
above provide a realistic basis for up scaling the process and providing a 
route for mi nimising the volume of hazar dous waste generated by the 
Aluminiu m  i ndustry. 
The Allen Park clay mine landfill APCML (Kim, et ai., 1998) 
produces a leachate that occasionally contains cyani de at levels 
marginal ly below the discharge limit The form of the cyanide in t he 
leachate was found to be iron-cyani de complexes that resist oxi dation by 
a conventional treatment method, alkaline oxidation. Furthermore, the 
leachate al so was found to contain a relatively large amount of organics  
(> 1,000 mglL of chemical oxygen demand), which would exert 
additional demand for oxi dising agents (e.g., chl orine). A study was 
performed to determine what treatment technology could be employ ed in 
the event treatment becomes necessary because of p otential changes in 
the leachate characteristics and/or discharge lim its. In their study, among 
several chemical oxi dation methods, ultraviolet (UV) irradiation with or 
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without ozone was investigated as a treatment option. The following are 
primary findillgs: (i) UV irradiation alone was effective for removing the 
iron-cyanide complex in both the leachate and the clean water; (ii) the 
demand for UV or ozone by chemical oxygen demand was relatively low 
for this leachate; (iii) ozone alone was not effective for removing the 
iron-cyanide complex' and (iv) UV irradiation alone and UV irradiation 
with ozone resulted in the same removal for total cyanide in clean-water 
experiments but the UV irradiation alone left some free cyanide whereas 
the UV irradiation with ozone did not. 
The high oxidation potential of ozone and the wide range of 
organic and inorganic groupings susceptible to oxidation suggest 
application of this oxidant to eliminate the objectionable compounds 
from water and wastewater (Ku n i cki et aI., 1980) Ozone application for 
cyanide destruction has been practiced in Europe and the United states 
for thirty last years. 
The basic studies defmed the type and range of parameters that influence 
the process of ozonation in a crucial way, i .e. : 
(i) Initial concentration of cyanides and ozone, 
(ii) Qualitative composition of effluents, 
(iii) pH of effluents, 
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(iv) Type of phase contact. 
The studies were performed on a laboratory, pilot - plant, and full­
scale industrial plant It was found that both the concentration of cyanides 
and ozone influence the kinetics of the reaction, however of decisive 
significance is the qualitative composition of effluents especially its 
heavy-metal content. 
Hydrothermal decomposition of free cyanide and ferro cyanides into 
ammonia, format and iron oxide proceeds as a first order reaction at 
appreciable rates over the temperature range 1 80 to 225 Co. (Kimmerle et 
at., 1 989) The reaction is conveniently carried out in alkaline media, both on 
SPL leachate and on slurry of SPL itself. Operation costs are minimised 
through the use of counter-current heat exchangers and the possible recovery 
of fluoride salts. This communication describes in some detail a 1 00 LIh 
pilot scale unit and the reaction kinetics observed in a tubular flow-through 
reactor. The hydrolysis of ferrocyanide to ammonia, format and iron oxides 
proceeds by two consecutive steps, both of which follow simple fIrst order 
reaction rates. The decomposition proceeds with appreciable speed at 
temperatures above 1 60 Co, with the reaction being over 99.9% completed 
after half an hour at 200 Co. 
The chemical reaction occurring when fluoride melts penetrate into 
- 3 1  -
aluminium reduction refractory linings have been investigated (Rutl in 
and Grande, 1 997).  Phase relations along the composition line sodium 
fluoride-mullite was studied as a simple model approach to the proble� 
the coexistent phases below the solidus temperature at about 856 CO were 
sodium fluoride cryolite, nepheline and IX or � alumina. At more the 20-
mole % mullite first sodium fluoride and later nepheline and cryolite 
disappeared and only a glassy phase and IX alumina were observed. 
Together with studies of the corresponding model system including more 
acidic fluoride melts these observation after discussed in relation to the 
deterioration mechanism of alumino-silicate refractory linings in 
aluminium electrolysis cells. Fluoride rich melts in the ternary system 
NaFNa3ALF6NaALS i04 are proposed to represent the composition of 
penetrating bath. The solubility of nepheline in this melt and thereby the 
viscosity of the penetrating melt increase with increasing acidity. The 
formation of nepheline, or albite at low fluoride content, is shown to 
increase the acidity of the fluoride penetration melt. Acidic fluoride 
melts are therefore proposed to initiate the formation of vitreous silicate 
containing phases, which will strongly reduce further penetration. 
SPL is a well-known hazardous waste rich in soluble cyanides and 
fluorides. A full size industrial unit has been built and operated by 
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Aluminium Pechinery for more than one year, on a test basis using the 
SPLIT process in order to detoxify SPL prior to disposal (Bortron et aI., 
1 993). Cyanides are thermally destroyed, fluorides are included in 
synthetic non-leachable minerals, so that the final product is compatible 
with regular lan dfilling, and meets the Environmental Protection 
Regulations in most of the World countries. Aluminium Pechinery is 
presently preparing the erection of several spl it plats attached to its 
smelters. 
The fates of oxidation of cyanide with Fe (VI) were measured as a 
function of pH (8 .0- 1 2) and temperature ( 1 5-30 Co) .  The reaction was 
found to be first order for each reactant. The rates decrease with 
increasing pH. The removal of cyanide by oxidation with Fe (VI) was 
studied at pH 7 . 5 ,  9 .0  and 1 2.0 Fe (VI) removal efficiency was greater at 
pH 9.0 than at pH 7 . 5  and 12 .0 at pH than at pH 9.0, Fe (VI) molar 
consumption w as nearly equal to that of oxidised cyanide. Cyanate and 
nitrite ions were identified as the products of the reaction at pH 7 .5 .  The 
experiments indicated 1 :  1 stoichiometric conversion of cyanide to nitrite 
ion at pH 9.0 and 1 2.0 .  Experiments were conducted to test the Fe (VI) 
removal efficiency of cyanide in electropl ating rinse water. The results 
indicate that F e  (VI) has the potential to serve as a reliable and sage 
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oxidative treatment for removmg cyanide ill wastewater effluent 
(Sharma et aJ., 1998). 
Sorption on wastewater solids is an important mechanism for 
removal of organic compounds in biological wastewater treatment 
systems. S orption was found to be greatly effected by the biological 
activity in wastewater solids. Two experimental techniques, cyanide 
treatment and pasteurisation, were developed for eliminating the 
biological activity during isotherm measurements (Dobbs et aI., 1995). 
Both methods are effective: however, pasteurisation is recommended 
over cyanide treatment because of toxicity of the latter. Apparent 
sorption capacities for organics on biomass can be greatly affected by 
biological activity if the solids are not pre-treated to eliminate 
biodegradation. Pasteurisation and cyanide treatment were both effective 
for eliminating biological activity during isotherm measurements. 
Enzminger ( 1 99 1) ,  demonstrated that cyanide could be 
decomposed electrolytically with an initial concentration of 1 400 mgIL 
reduced to 20 mglL in 4-20 hours. The rate was linear with respect to 
electrolysis time, and the presence of copper was found to accelerate the 
reaction. The electrochemical oxidation of cyanide to cyanate on 
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electrodeposited copper oxide electrodes at alkaline pH was reported. 
The copper oxide [11m was susceptible to chemical dissolution at cyanide 
concentrations greater than 1 M. The effect of ultraviolet (UV) light, 
chlorine, and ozone on the oxidation of iron cyanide was evaluated. UV 
was found to oxidise free cyanide by generating hydroxyl radicals. UV in 
combination with chlorine or ozone was effective in oxidising iron 
cyanide, but UV easily decomposed chlorine. 
It has long been recognised that SPL has major potential for 
recovery because of its chemical (fluoride salts) and energy (carbon) 
values. Ideally, a successful treatment process would be one in which the 
chemical and energy values are recovered with simultaneous destruction 
of cyanide and fixation of l eachable fluoride. A study has been conducted 
(Cutshell et at, 1 989) at Reynolds Metals Company' s Ling view 
Reduction plant to determine the technical feasibility of recycling the 
carbonaceous fraction of SPL as a portion of the aggregate used in 
soderberg anodes. Tests were concluded in which 4.5% and 50% of the 
petroleum coke contained in the cell' s  anode paste was replaced by 
crushed SPL.  The effect of potliner recycl e  upon cell operation is 
discussed. Although recycle at the 50% level did not prove feasible, the 
test at 4.5% potliner was successful . Recycling carbonaceous SPL as 
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50% of the dry aggregate is not feasible without a pre-treatment step for 
the SPL such as steaming. The structural integrity of the anode is not 
maintained resulting in poor current distribution, high cell voltage, low 
ClllTent efficiency and poor cell operation . 
SPL is an unavoidable by-product of the aluminium smelting 
process and as such an industry wide problem. A survey is given on the 
latest development in the treatment of SPL (Pawlek, 1 993). The 
mechanism of cyanide formation in the carbon part of the potlining has 
been described and methods to destroy the cyanides in liquid or solid 
form are outlined. The fluoride formation in the thermal part of the 
potlining has been shown. Latest methods to treat SPL as a whole and 
which seems to be economically feasible have been demonstrated as well 
as methods how to reuse the carbon part and the thermal part of the use 
potlining separately. Last but not least ways are shown how to reduce the 
quantity of SPL. The SPL contains 1 0- 1 5% fluorine of which over 30% 
is water leachable. It also contains 60- 1 000 ppm cyanides. S ome 
cyanides are free but after contact with water they are mostly present as 
co-ordination compounds with Fe as a central atom. Although these very 
stable co-ordination compounds are non-toxic, UV radiation in the 
natural environment may decompose them to free cyanides. 
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A process has been developed. (Deutsch m a n  et aI., 1987) which 
treats used cathode lining of Aluminium reduction cells by hydrolysing 
the contained cyanide and encapsulating the potlining particles with 
gypsum to prevent subsequent leaching of water-soluble fluorides. The 
refractory materials of their ceramic lining construction essentially 
influence service life and efficiency of Aluminium electrolysis cells 
among others. The exclusive use of carbon, graphite, and insulating 
chamotte materials in sidewall l ining of electrolysis cells underwent 
remarkable changes during the last years with a tendency to more 
sophisticated, higher-grade refractory materials like silicon carbide. The 
particular characteristics of the sil icon carbide raw material with regard 
to its use as a refractory are: 
(i) High hardness. 
(ii) High thermal conductivity, and 
( iii) Excellent chemical resistance and inertness. 
The permanent demands of improvements ill technical and 
economical respect of Aluminium appl ication cel l  performance led to 
increased application of modem ceramic lining constructions based on 
silicon carbide refractories (Fickel et aI., 1985) . SiC-refractories having a 
nonoxide bonding system like S i3N4, �-SiC, sil icon or recrystalized u-
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SiC proved most appropriate during corrosion-tests under electrolysis 
conditions. Such type of refractories meet with the progress of increased 
cell dimensions, new charging systems of capsuled cells, and a prolonged 
service life of other cell components as for instance the carbon cathode. 
Further developments in the field of refractories are to be exposed and 
will improve materials also in the future. 
A large amount of the cyanide in leachate from old SPL disposal 
sites is complexed with iron and is very difficult to chemically oxidise. 
Treatment options for aged SPL leachate include iron salt precipitation, 
ultraviolet (UV) enhanced oxidation, evaporation / high temperature 
chlorination, polysulfides and aerobic bacteria In studies to date of these 
options, UV enhanced oxidation shows the most promise for destroying 
iron complexed cyanide in leachate from old SPL disposal sites. Another 
area of concern is leaching of fresh SPL and the treatment of fresh 
leachate. A process is described for the leaching of fresh potiining, 
removal of cyanide and fluoride from the leachate, and calcium fixation 
of the residual solids to produce a solid waste with l ittle potential to leach 
fluoride or cyanide. Ultraviolet l ight enhanced chemical oxidation shows 
the most technical promise, to date for destroying iron complexed 
cyanide in leachate from old SPL disposal sites. Biological activity, 
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calcium polysulfide and high temperature chlorination have yet to 
demonstrate satisfactory destruction of iron complexed cyanide leachate 
from old SPL disposal sites. Laboratory studies are continuing. Any 
fraction of SPL can be treated to pass hazardous waste dealing criteria for 
soluble fluoride and cyanide. Cyanide is leached out and destroyed by 
chlorination. The fluoride is combined with lime.  The non-hazardous 
residue is 1 . 8 times the initial weight of S PL.  (Blayden et aI., 1987). 
The Aluminium association (AA) and OES are developing CBC as 
a treatment method for S PL ' s  - a product o f  aluminium smelter 
operations. Argonne national l aboratory (ANL) is a subcontractor to OES 
in the selection and laboratory-scale testing of a wide variety of process 
options. The overall goal is to solve environmental and economic 
problems for aluminium producers. The long-term program goals are to 
develop, design, construct, and operate S PL combustors at a cost that is 
competitive to landfills, but with none of the long-term liabilities. 
(Rickman et al., 1987). 
SPL contains small amounts of cyanide and other compOlmds. 
Setting cyanide apart, some other properties of SPL affecting handling, 
shipping and or processing are discussed. The nature, amount and rate of 
formation of gas evolved when SPL reacts with water are determined in 
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laboratory experiments. The source of SPL, particle size, ratio of water to 
soli� and temperature are among the parameters investigated. The major 
components of the evolved gas methane, hydrogen and ammonia - which 
are flammable an� under certain conditions, explosive in admixture with 
air small amounts of other saturated and unsaturated hydrocarbons are 
also formed, with acetylene being present in only trace quantity. Most of 
these gases are non-toxic and ammonia has a relatively high tolerance 
level (Augood, 1986). 
Fluoride (F) accumulation and transport in soil columns near the 
aluminium smelter at Arda! in western Norway are studied (Arnesen and 
Krogstad, 1988) together with fluoride sorption c apacity, and the effect 
of pH and ionic strength on F solubility in soil. Unpolluted soil columns 
of 50  em height placed at different distances from the smelter ( 1 -0 kIn) 
accumulated from 0.27 g F m-2 to 1 . 5  F m-2 during a 5 months period. 
Fluoride accumulation was high in the upper 0- 1 0  cm of soil columns 
where 50-90% of the accumulated F was found Laboratory sorption 
experiments showed that the sorption of added F in the Ah-horizons 
increased with increased distance from the smelter at Ardal, in 
accordance with decreasing previous pollution from the smelter. The B­
horizons sorbed considerably more F than the Ah-horizons, due to higher 
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content of Al-oxides/hydroxides. Maximum sorption of occurred at pH 
4.8- 5 . 5 .  Fluoride solubility increased with increased ionic strength. 
Continued deposition of F m ay increase the availability to plants and soil 
organisms. Leaching of F from soil to groundwater or surface water will 
be strongly dependent on the presence and thiclmess of a B-horizo� and 
probably also on underlying horizons. 
In the smelting process, cryolite (N a3AlF 6) is used in the 
electrolysis, and fluoride (F) together with other air pollutants, is emitted 
into the atmosphere in the form o f  HF and particles consisting mainly of 
NaAlF 4. Fluoride pollution of soil was investigated in the vicinity of 
aluminium smelters in Norway. Soil was sampled at different distances 
from three aluminium smelters (Arnesen et aI., 1 995), and soil solution 
was sampled at different distances from one of the smelters. Fluoride 
pollution of soil and soil solution can be traced for more than 30 km from 
one of the pollution sources. In surface water, however, effects of 
pollution can only be seen 3-5 km from the source. Except for locations 
very near the emission points, soil around the aluminium smelters appear 
to be less polluted than observed around aluminium smelters in several 
other countries. Studies of soil solution and on sorption and desorption of 
F, show that F is increasingly sorbed in the soil with increasing soil 
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depth. The upper organic rich horizon has less sorption capacity than the 
mineral soil; increased concentrations of F in the soil solution could 
indicate that plants in areas exposed to F- pollution may take up F from 
the soil . 
Aim of the work 
As world production capacity of aluminium has increase� so has 
the amount of waste from failed cathodes, which is known as S PL 
materials. The SPL contains compounds that are toxic, hazardous, or 
environmentally undesirable as well as compounds that are industrially 
valuable and could be recycled. One contaminant of particular concern is 
fluoride, originating from the penetration of the molten electrolyte into 
the carbon (cathode). Another important contaminant is cyanide, formed 
as a result of a reaction involving metallic sodium diffusing into the 
carbon itself, and atmospheric nitrogen penetrating into the material .  All 
cyanide and most fluorides are water-soluble and leachate from SPL 
inventories may contaminate ground water or water run-off Most SPL is 
cmrently stored onsite or placed in secure landfills. The industry is still 
looking for a method of SPL treatment, which combines two main 
factors: 
( i) Cost competitive to landfills; 
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ii) Free of environmental impacts_ 
A transition from storage to treatment is tlJerefore expected. 
The aim of this study is to device an appropriate method for the 
proper treatment of SPL materials generated at Dubal, thus allowing their 
economically and environmentally sound disposal or reuse. 
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Chapter II 
Experimental 
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2. Experimental. 
2. 1 .  Reagents and apparatus. 
2. 1 . 1 .  Apparatus: 
The F concentration in all samples was determined with an Orion 
F electrode (Model 94-09) in combination with an Orion S ingle Junction 
Reference electrode (Model 90-0 1 ) . Within the electrode ' s  operating 
range, the reproducibility for F determination is independent of 
concentration. With calibration every hour, direct electrode 
measurements reproducible to +?% can be obtained. Cations and most 
anions do not interfere with the response of the fluoride electrode to 
fluoride. Anions commonly associated with fluoride, such as cr, Br-, r, 
SO/-, HC03-, PO/-, and acetate; do not interfere with electrode 
interference. The OH- ion is electrode interference. So, the determination 
of F was carried out at pH == 5 .  The pH was measured using pH meters 
(Model 8 1 0 1  Ross pH, Thermo Orion, Beverly, USA). 
Free-cyanide concentrations were measured colorimetrically using 
the pyridine-pyrazalone method, described in the Water Analysis 
Handbook (Hach Company "Water" 1 992) by Hash Company (Loveland, 
Colorado), and an UV/Visible 9 1 8  SP600 spectrophotometer, Australia 
(GBC).  For total cyanide, samples were distilled using method 4500 CN" 
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C (American Public Health Association "Standard" 1 992) prior to the 
analysis. 
2. 1 .2.  Reagents: 
All chemicals used were of analytical reagent grade. The following 
reagents were used in this study: 
1 .  Sodium hydroxide M. 
2. Hydrochlori c  acid Ml2. 
3 .  Hydrochloric acid SG 1 . 1 8. 
4 .  Sodium hydroxide Ml2. 
5 .  Acid cuprous chloride solution. Dissolve 2g cuprous chloride in 
1 00ml 5M hydrochloric acid Prepare daily as required 
6. Bromine water, saturated solution. 
7 .  Sodium arsenite. Dissolve 2. 1 1 4g sodium arsenite in 1 00ml 
water. 
8. Pyridine solution. Mix 1 50 ml pyridine with 1 00 ml water and 
add 25  ml hydrochloric acid, SG 1 . 1 8 . 
9 .  p-Phenylenediamine dihydrochloride solution. Dissolve 0. 1 7  g 
p-Phenylenediamine dihydrochloride ill 50 m1 Ml2 
hydrochloric acid. 
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10 .  p-Phenylenediamine-pyridine reagent. Immediately before use, 
mix the pyridine solution with the p-Phenylenediamine solution 
in the ration 3 :  1 .  
1 1 . Hydrogen peroxide ( 126g H202/ I OOg cyanide, pH 9 .0-
1 0/presence of 1 0  m glL Cu as catalyst) 
1 2. Ammonium persulfate (pH>9, mole 
persulfatel cyanide). 
1 3 .  Glacial acetic acid 
14 .  Calcium oxide. 
ratio 1 .2 
1 5 . TISAB II (Total Ionic Strength Adjusting Buffer): transfer 
about 500 ml in a 1 000 ml beaker. Add 57  ml glacial acetic 
acid, 58g sodium chloride and 4g CDTA ( 1 ,2-
diaminocyclohexane-N,N,N' ,N' -tetracetic acid). Add 35  g of 
sodium hydroxide pellets to assist dissolution. Stir to dissolve, 
cool the solution and slowly add 2 . 50/0 sodium hydroxide 
solution until the pH is between 5 .0  and 5 . 5 .  cool the solution to 
room temperature transfer to a 1 000 ml volumetric flask, dilute 
to the mark with water and mix. 
1 6 . Perchloric Acid, 0. 1 M: Dilute 8 .6 ml of perchloric acid to 1 000 
ml in volumetric flask, make up to volume and mix. 
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1 7 . Sodium Hydroxide 50% solution : Dissolve 1 00g sodium 
hydroxide pel lets in 1 50 ml water. Make up to volume to 200 
ml . Cool and store in a polythene bottle. 
2.2. Leach ing Process : 
2.2. 1 .  Condition of Leaching SPL: 
The samples were taken from the most contaminated environments 
in the aluminium cell and 1 0  bricks of silicon carbide weighing 1 0  
kilograms each were selected. They were divided into two groups, each 
containing 5 bricks of silicon carbide and then the two groups were set 
apart as crushed bricks and uncrushed bricks. The crushed bricks group 
was broken into small pieces by using the hammer crusher. After 
finishing the breaking process, the crushed bricks were put in plastic 
barrels of 200-liter capacity. Then 1 00 litre of water was poured into each 
barrel followed by stirring and mixing process by using a metal bar. The 
stirring of the content was done three times a day, i .e. every 8 hours and 
each run lasted for 1 0- 1 5  minutes, taking into accounts placing a 
distinguished mark inside the barrel to gauge the amount of the liquid in 
case of decrease resulting from vaporization (each time, before stirring, 
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the solution level is increased in case the decrease goes below the mark 
placed inside . )  
To reduce the vaporization, a lid was placed o n  top o f  each barrel 
and the barrels were kept in places avoiding the sun exposure and 
permanently remaining in shady places. When taking samples or carrying 
out the stirring, some protective clothes and equipment were used (such 
as gloves, masks, long-sleeve shirts, etc) as the mix contained intensively 
poisonous elements l ike cyanide. 
After stirring the contents in the barrels, samples were taken by 
using a metal bar for 1 0- 1 5  minutes and then left to become motionless 
for 45-60 minutes. The samples were taken in plastic bottles of 250 m1 
after being washed with the same solution content of the barrels. Then, 1 
l itre of the same solution would be taken so that the samples would be 
sent to the l aboratory to carry out the following analyses and 
measurements: 
2.2.2. The pH Measu rement of Solution : 
When taking the sample to the laboratory ( 1  litre), it would be 
stirred by using a glass bar then left for 1 minute to become motionless, 
and afterwards the pH measurement of solution would be done by using 
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Orion pH meter where the reading would be carried out several times and 
within different periods of time to check the correctness of such reading 
(every 1 0  minutes between each lapse ranging between 5 to 1 0  minutes). 
2.2.3. Disti l lation of the Solution : 
The pH measurement of solution would be followed by the 
distillation process as the distil lation apparatus would be set up and 
washed with the tap water then with the distilled water twice. Then the 
distillation apparatus would be set up with delivery tube taking into 
consideration connecting the parts together in a manner not to allow any 
leakage from the apparatus when carrying out the distillation process as 
this might later affect the correctness of the fmdings. 
Table 2.1.  Scheme for the distillation of cyanide. 
Range Volume Ml NaOH Aliquot in Examples of CRP 
Scheme From To for Dist Dilution MI2 SO ml  Liquors 
A Less than ] ppm 100 NIL NIL 20 Process drain & other eftluent!· 
B 0.5 4 20 NIL NIL 20 Process drain 
C 3 30 10 NIL NIL 5 
liquor, Tray thickener 
D 20 ] 50 10 20-100 20 5 mtderflow 
Digester O'flow & feed, 
Caronator allow, Sugar tar, 
E 50 600 5 10-100 20 5 SLT a flow 
F 500 2500 5 5-100 40 5 Main Sluny Tank. 
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At the beginning the required volume would be choose from the 
previous Table 2. 1 (suitable scheme) and by using pipette filler, S ml 
would be sucked out of the solution into a 2S0-ml distillation flask 
(containing anti-bumping granules), make up to about 1 50 ml volume 
with water and 40 ml of Ml2 sodium hydroxide would be pipette into a 
1 00-ml volumetric flask. By means of dropping funnel, 5 ml of acidic 
cuprous chloride would be added into distillation flask and the total 
volume collected after distillation would be 90 ml in the receiving flask. 
The volumetric flask would be removed and make up to the mark with 
water after the delivery tube washed down. 
2.2.4. Determination of total Cyan ide concentration by 
Spectrophotmetry: 
After completing the distillation process, the recommended scheme 
would be fol lowed; the required amount of the distilled solution would be 
sucked out in 50-ml volumetric flas� 1 ml of 1 M  sodium hydroxide for 
each 1 0  ml of final volume would be added to the distilled solution the 
aliquot would be make up to 20 ml with water if dilution is necessary. 
Hydrochloric acid 0. 5 ml (SG 1 . 1 8) would be added and mixed with 
solution into 50 ml volumetric flas� its followed with addition of 0 .5  ml 
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bromine water mixed thoroughly, stand for two minutes and to avoid 
loss of cyanogen bromide the volumetric flask should stopper 
immediately. Sodium arsenite (0 .5 ml) would be added and mixed to 
remove excess bromine and bromine vapour. 20 ml of the freshly 
prepared p-phenylenediamine and pyridine reagent would be added into 
the flask and make up to the mark with water and mixed. Then, the flask 
mixed thoroughly, stopper and would be allowed to stand for 40 minutes 
in the dark. Afterwards the optical density measurement of solution 
without delay would be done by using SP600 spectrophotometer at 5 1 5  
nm and using I -cm cells, with water in the reference cell .  
2.3. Method of destruction of Cyanide: 
2.3. 1 .  Effect of Hydrogen peroxid e  and A m monium persulfate on the 
total concentration of Cyanide on the crushed and uncr ushed bricks :  
The concentration of cyanide in the plastic barrels would be 
measured till the reading becomes constant then the destruction process 
of cyanide would start To carry out the cyanide destruction, hydrogen 
peroxide and ammonium persulfate would be added and both of which 
are of strong oxidation and this is the reason why they are used to 
destruct the triple link among carbon, nitrogen and cyanide. Hydrogen 
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peroxide is a solution material whereas ammomum persulfate IS a 
powdery material . 
The solution would be divided into ten sections, 1 00 ml each; in 1 0  
plastic beakers (250 ml) and then hydrogen peroxide and ammonium 
persulfate would be added. At the beginning, the required amounts of 
either hydrogen peroxide or ammonium persulfate to be added would be 
specified as some known or defInite amounts would be sucked or 
weighed and then added gradually to the solution. The required amounts 
to be added are as follows: 
(i) 250-ml small plastic beakers shall be brought and divided 
according to the oxidation agent and acid required to be added. 
(ii) The solution is divided into 1 0  sections and each section is put 
in 250-ml beakers and then a label would be fixed to the 
beakers specifying the solution amount and oxidation agent 
added (to avoid mixing with the other beakers). 
The beakers would be classified as fol lows: 
(i) Crushed and uncrushed bricks. 
(ii) Concentrated hydrochloric acid and acetic acid. 
(iii) Hydrogen peroxide and ammonium persulfa1e. 
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Each solutio� whether of the crushed tank or uncrushed tank, would be 
divided into two sections: 
1 .  Crushed with concentrated hydrochloric acid and crushed with 
acetic acid. 
2. Uncrushed with concentrated hydrochloric acid and uncrushed 
with acetic acid. 
Each of the above-mentioned sections is divided into 1 0  sections, 
each containing 100 ml put in a 250 ml plastic beaker and these ten 
beakers are consequently divided into two sections, each containing 5 
beakers Table 2.2. Hydrogen peroxide would be added to the fITst group 
and ammonium persulfate to the second group taking into consideration 
the steadiness of pH at pH 9 .0 when adding the oxidation agent which 
decrease pH below pH 9.0, which causes speediness on the rate of 
reaction and, thus� the affecting the cyanide destruction level where the 
pH is increased by adding few drops of (sodium hydroxide 0. 1 M). 
The samples from the plastic barrels would be taken after being 
stirred by using a metal bar for 1 0  minutes and left to become motionless 
for 45-60 minutes. The samples would be put in plastic bottles of 250 ml 
after being washed twice with the same sample-required solution where 
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one litre would be taken only. Then, the samples would be sent to the 
laboratory to carry out the following analyses and measurements. 
Ta ble 2.2. The A mounts of Hydrogen Peroxide and A mmonium 
Persulfate Added to  the  Crushed and Uncrushed Samples 
Addition  of 
Addition of A m m onium Hydrogen peroxide 
Sam ple pH persulfate (g) (ml)  
Uncrushed Crushed Unc rushed Crushed 
ControJ 9 0 0 0 0 
1 9 1 . 3  3 . 5  3 . 3 7  8 .84 
2 9 2.6 7 6.74 1 7.68 
3 9 3.9 1 0. 5 1 0. 1 1  26. 52 
4 9 5.2  1 4  1 3 . 48 35 .36 
5 9 6.5 1 7. 5  1 6. 8 5  44 . 2  
23.2. Reducing pH of sol u ti on to pH9:  
The reducing of  pH value would be carried out by adding a 
specific amount of acetic acid or concentrated hydrochloric acid till the 
pH reaches the required level (the amount of the added acid would be 
added to the fmal solution volume in the fmal accounts). The acid would 
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be added gradually i . e. 1 0  ml each time and stirring the solution by a 
glass bar while adding. When pH reaches pH 9.0, white gelatine 
precipitate would be formed which undesired for CN" measurement As 
such, the stirring of the solution would last longer without adding any 
amount of the acid till the gelatine disposal is relatively dissolved and the 
solution becomes more clear and easy to stir as the solution floats and the 
disposal sets down, the matter which enables taking the reading 
relatively. Then, a small amount of acid would be added taking into 
accounts accuracy and speed in stirring due to the fast change in pH at 
this stage. When pH becomes steady at the required level which is pH 
9.0, the solution is stirred and the reading is taken again to check its 
correcmess as the reading would be done every half an hour together with 
adding an amount of acid when any change in pH occurs or adding 
(sodium hydroxide 0. 1 M) when any decrease in pH 9.0 takes place (as 
adding any amount of acid or base would be worked out in the final 
amount in whole). 
With continuous stirring of the solution with out adding any more 
amount of acid, the gelatine precipitate is relatively dissolved and the 
solution becomes more clear and easy to measure the pH value. The 
presences of this precipitate hinder the accurate measurement of the CN" 
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concentration, so removal of this precipitate before measurement 
become important. 
23.3. Filtration of the solution:  
After the formation o f  the gelatine precipitate, the solution has one 
liquid layer and another gelatine layer (the former floats upward and the 
latter sets down), the matter that necessitates carrying out filtration 
process to get rid of the gelatine material and maintain the liquid by using 
filtration funnel with the filter paper and pump. 
The filtration process is preceded by stirring the solution in the 
bottle and pouring it into the filtration funnel after setting up and washing 
the filtration apparatus. The solution and gelatine m aterial is poured into 
the filtration funnel gradually till the whole solution is separated from the 
gelatine material. Then, the precipitate was washing three times with 
distilled water and the washing solution collected with fIltrate and 
completed to 1 litre. After that, the pH of solution is measured again to 
check its steadiness at pH 9.0 .  
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2.3.4. Reaction of Solution with Oxidati on Agents :  
After adding the oxidation agents to the solution in  the 250-ml 
plastic beakers the mix would be stirred by using a glass bar, and then 
the solution would be left for the required time of reaction. Distillation 
process would be carried out after two days or five days fol lowing the 
adding of the oxidation agents to the solution to check the effect of time 
on the destruction of cyanide. The solution should not be left without 
stirring so as to help increasing the rate of oxidation reaction. Small 
pieces of copper would be added as catalyst to accelerate the rate of 
reaction. 
The pH value the solution is measured every two hours to check the 
steadiness at pH 9.0 .  
2.3.5. Disti l lation Process After Two or Five Days Reaction : 
After two days from the starting the reaction, the distillation of 
each beaker would be separately carried out by stirring the solution for 
two minutes and leaving it to become motionless for one minute. The 
stirring of solution would be followed by the pH solution measurement 
and distillation process was carried out as discussed previously (section 
2.2.3) .  Afterwards the optical density measurement of solution without 
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delay would be done by using SP600 spectrophotometer at 5 1 5  nm and 
using l -cm cells with water in the reference cel l .  
2.3.6.  Effect of pH on the Destruction Process of Cyanide in  Crushed 
and Uncru shed SPL: 
As mentioned in the previous experiments that one-litre from the 
plastic barrel is taken as a sample in the beginning of each experiment, 
whereas the same sample is taken to the laboratory for the further study. 
After filtration is completed (as mentioned above), the solution ( l litre) is 
to be divided into 1 0  sections. Each section ( 100 ml) is to be packed in 
plastic beakers of which capacity is (250 ml). The pH value for each 
sample was adjusted to the desired level by adding acetic acid or Hel, as 
following:  
(i) pH 12 .0 
(iii) pH 9.0 
(ii) pH 1 0 .0 
(iv) pH 8.0 
The 10 plastic beakers of 2S0-ml capacity are to be divided into two 
groups' each group contains the oxidation agent that is required to be 
added to the solution (Table 2.2). 
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2.3.7. Effect of th e A mount Added of Hvdrogen Peroxide or 
A mmoniu m persulfate on the Destruction Process of Cyanide:  
The effect of amount added of oxidizing agent (H202 or 
(NH4)2S20S) on the destruction process of CN- was carried out in crushed 
and uncrushed bricks solution and at defmed pH value. After adding the 
oxidation agents to the 1 00 ml solution, the mixture is to be stirred by a 
glass stick, and be left till  it settles, and then re-mixed, every half hour, 
for two minutes. Small pieces of copper are added as catalyst to increase 
the rate of reaction. 
Table 2.3. The a m ounts of hydrogen peroxide  and ammonium 
persulfate added to the crushed and uncrushed samples at 
different pH values 
Addition of Hydrogen Addition of A mmonium 
Sample pH 
peroxide (ml) persulfate (g) 
Un crush ed Crushed Uncrushed Crushed 
Control 12.5 0 0 0 0 
1 8 1 .3 3 .5  3 .37 8 .84 
2 9 1 .3 3 .5 3 .37 8 .84 
3 10 1 .3 3 .5  3 .37 8.84 
4 1 2  1 .3 3 .5 3 .37 8 .84 
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The pH of each solution must be measured every two hours to adjust the 
pH value to the required degree. A few drops of acid (acetic or 
hydrochloric) or (sodium hydroxide 0. 1 M) must be added if necessary to 
keep the pH at the desired value. 
After two or five days from the starting the reaction, the distillation 
of each beaker would be separately carried out by stirring the solution for 
two minutes and leaving it to become motionless for one minute. The 
stirring of solution would be followed by the pH solution measurement 
and distillation process was carried out as explained previously_ After 
completing the distillation process, the recommended scheme would be 
followed; the required amount of the distilled solution would be sucked 
out in 50-ml volum etric flask, I m1 of 1 M  Sodium hydroxide for each 1 0  
ml of final volume would be added to the distilled solution the aliquot 
would be make up to 20 ml with water if dilution is necessary. 
Afterwards the optical density measurement of solution without delay 
would be done by using SP600 spectrophotometer at 5 1 5 DID and using 1 -
em cells, with water in the reference cell.  
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2.4. Removal of F luoride:  
The samples were taken from the same tank which contained the 
process of leaching of cyanide after stirring the content for 1 0- I S  minutes 
by using a metal bar and keeping it for 4S-60 minutes to become 
motionless. The samples were taken from the plastic bottle of 2S0 mL 
After washing the contained solution and then the samples were taken to 
the laboratory to gauge the level of fluoride in the solution. 1 0ml of this 
solution with draw by the pipette and then diluted to SO ml by distilled 
water. 
Afterwards, 2 ml of ascorbic acid would be added and the solution 
would be leaved for two minutes. The pH value was measured and then 
adjusted at 3 .3S  by adding 1m of perchloric acid (0 . 1 M) or 1 m  of sodium 
hydroxide (NaOH) SO% solution. This step would be followed by adding 
Sml of glycine-perchlorate and 4 drops of methyl thymol blue indicator 
solution and then the solution would be titrated with thorium nitrate by 
using magnetic stirrer to facilitate the solution mixture and then the end­
point easier to detected. The solution colour changes into yellow then 
dewed to grey and then blue where the titrated solution stops at the so­
called end-point 
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2.4. 1 .  Removal  of Fluoride as Calci u m  Flu oride: 
One litre would be taken from the slurry tanks in plastic beaker of 
2500 ml after mixing the content of the slurry tanks for 10- 1 5  minutes by 
using a metal bar and keeping it for 45-60 minutes to become motionless. 
The sample would be taken to the laboratory for chemical treatment 
where acetic acid would be added to the sample to adj usted the pH value 
at pH 2, and then divided into 1 0  samples each containing 1 00 mI .  
The first beaker would b e  taken as a control where the fluoride 
therein would be measured without chemical treatment. Whereas for the 
remaining nine samples the lime (added as C aO) would be added till the 
pH solution rises from pH 2 to pH 2. 5 and then the solution would be 
stirred with a magnetic stirrer to carry out the mixing process for 24 
hours. After that, filtration was carried out for each sample to separate the 
calcium fluoride (CaF2) precipitated. 1 0ml of the filtrate was with drawed 
by pipette an d  the pH value increased to pH 5 by adding a definite 
amount of NaOH 50% solution, then the solution diluted to 20ml in a 
volumetric flask. TISAB II of 25 ml would be added to the solution and 
the volume of solution would be increased in the volumetric flask and 
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shaken well so that the fluoride concentration would be measured by 
using Ion Selective Electrode (ISE).  
2.4.2. The Effect of the A moun t  of CaO Added on Removal of 
Fluoride as CaF.., : =-.;:.:;;..;;;..;;;...=.....;;;;.;;;.--=..;�:-
One litre from the slurry tank of the same previous samples was 
taken in a plastic beaker of 2500 mI, after stirring the content of the 
slurry tanks by using a metal bar. For the rest of the samples, the lime 
(CaO) would be added till the pH in the solution increases from pH 2 to 
pH 2.5 in the first beaker. Then double amount of CaO was added to the 
second flask and triple was added to the third flask, etc. Then, filtration 
was carried out for each sample to separate the precipitated material 
(CaF2). An amount of 1 0  m1 would be suctioned from the filtrated 
solution by the pipette and the F" concentration was measured by using 
ISE . 
2.4.3. The Effect of the Time on Removal of Fluoride as CaF6: 
One litre from the slurry tank of the same previous samples was 
taken in a plastic beaker of 2500 mI, after stirring the content of the 
slurry tanks by using a metal bar. For the rest of the samples, the lime 
- 64 -
(CaO) would be added til l  the pH in the solution increases from pH 2 to 
pH 2 .5  in the all beakers. Then, filtration was carried out for first sample 
after 24 hours, and after 48 hours for second sample etc., to separate the 
precipitated material (CaF2). An amount of 1 0  ml would be suctioned 
from the filtrated solution by the pipette and the F concentration was 
measured by using ISE.  
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Chapter III 
Destruction of Cyanide 
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3. 1 .  Leaching of Cyanide: 
The leaching process of cyanide lasted for 1 3 1 days until the 
concentration of cyanide become constant as explained in Table 3 . 1 and 
Figure 3 . 1 and 3 .2  where the concentration of the cyanide in the slurry 
tanks which contajnjng 53 .297 Kg of crushed bricks and 53 .284 Kg of 
uncrushed bricks, reached 836 ppm and 320 ppm cyanide, respectively. 
1bis indicates that the leaching process in the tank containing crushed 
bricks was faster than that containing uncrushed bricks, this due to the 
symmetry resulting from breaking the silicon carbide bricks into small 
pieces in a solution. By breaking the silicon carbide bricks into small 
pieces less than 500 grams, it will become easier when mixing the 
solution by using a metal bar to accelerate the leaching process and it 
also leads to the leach of m any contaminants specially the cyanide and 
the sedimentation of the fluoride in the solution. On the other han<L the 
leaching process in the tank containing uncrushed bricks was appeared 
very slowly, as they were left the bricks without cleaning and breaking. 
The both crushed and uncrushed tanks were left for approximately 
23 days more (total = 1 54 days) to insure the cyanide concentration level 
become constant. After thi s  period the cyanide concentration in the 
crushed bricks slurry tank rose slightly to 840 ppm and started to be 
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constan� whereas in the uncrushed bricks slurry tank the cyanide 
concentration did not change and remained constant at 320 ppm. For 
further confirmation of the stopping of leaching process, both groups 
(crushed and uncrushed) were left for 1 14 days more (total = 268 days). 
After this perio� the results (Table 3 . 1 )  indicate that the eN­
concentration was steady at 900 ppm and 4 1 0  ppm in the crushed and 
uncrushed bricks slurry tanks, respectively. 
The fol lowing observation was found in both tanks containing the 
crushed and uncrushed bricks: 
(i) The existence of white sediment of fluoride in a larger quantity 
in the crushed bricks slurry tank than in the uncrushed bricks 
slurry tank as a result of releasing of fluoride stuck to the 
surface of the bricks in the solution. So, all the above cyanide 
measurements were carried out after filtration. 
(li)  Steam and bubbles were estimated which having similar smell 
of ammonium due to the alkalinity of the solution where the pH 
values are 12 . 5  and 1 2  in the crushed tank and the uncrushed 
tank, respectively. 
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( iii) It was also observed that the color of the crushed bricks slurry 
is yellowish whereas the uncrushed bricks slurry looks more 
transparent. 
As shown in Figure 3 . 1 and 3 .2, we observed that a gradual 
increase in the cyanide concentration with time indicating the extent of 
the symmetry in the solution whether in the crushed bricks slurry tank or 
the uncrushed bricks slurry tank . We also notice that the fmal cyanide 
concentration in the crushed tanks samples is double (900 ppm eN) in 
compared to that in the uncrushed tanks. 
The leaching process of cyanide was repeated, with a second 
contaminated silicon carbide bricks taken from the same places of the 
reduction cell� and the leaching process l asted for 1 05 days. Because, in 
this experiment the measurement of the cyanide concentration was 
carried out without filtration the precipitate floating on the surface of the 
solution, an irregular data was observed as shown in Table 3 .2 and Fig' s 
3 .5  and 3 .6. This indicates that the presence of this precipitate IS 
markedly affecting the systematic leaching of cyanide concentration. 
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T a b le 3 . 1  L ea c h i n g  o f  C y a n id e  i n  C r u s h e d  a n d  U n c r u s h ed B r ic k s  s o l u tio n s  
C y an i de C on cen tration Cyanide C on centration P ercen t of Cyan ide in 
D u ration i n  U n c ru shed B ricks i n  C ru s h ed B ricks U n c ru sh ed solu tion Percen t o f  Cyan ide in 
(Day) Solu tion (ppm)  Solution ( ppm) (%) C r u s h ed solution (%)  
7 73 . 2  2 8 2 . 4  0 . 0 1 3 7  0 . 0 5 29 
1 4  96. 8  3 3 6 .4 0.0 1 8 2  0 . 063 1 
1 8  1 0 8  3 7 0 . 6  0.0203 0. 069 
23 1 3 6 . 4  45 1 . 6 0 . 0 2 5 6  0 . 0 8 4 7  
2 8  1 76..+ 4 5 6 . 8  0 . 03 3 1  0 . 08 5 7  
33 1 84 . 1  4 6 7 . 2  0 . 0 3 4 5 4  0 . 0 &76 
38 1 92 . 8  5 8 8 . 8  0.0362 0. 1 1 04 
43 20& 5 9 4  0.03 9 1  0 . 1 1 1 4 
�8 2 1 5  62 1 0.04034 0. 1 1 6 5 1  
53 222 640 0 . 04 1 6  0. 1 2  
63 23 & 6 7 0  0.0447 0. 1 3 4 
68 2 7 0  73 6 0 . 0 5 0 6  0. 1 3 8  
88 270 7 8 5 0.0506 0. 1 472& 
1 3 1  3 2 0  8 3 6  0.06 0. 1 5 6 
154 3 20 8 4 0  0 . 0 6  0. 1 5 76 
265 400 9 0 0  0 . 0 7 5 0 7  0. 1 68 8 7  
268 4 1 0  9 0 0  0 . 0 7695 0 . 1 68 8 7  
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T a b le 3 . 2  Leac h in g  o f  C y a n id e  in C ru s h e d  a n d  U n c ru s h ed B ric k s  
so l u tio n s  (w ith o u t  F iltration p rocess) 
C y a n i d e  C o n ce n t ra ti o n  i n  C y a n i d e  C o n c e n t ra t i o n  i n  
U n  c r u s h e d  B r ic ks S o l u ti o n  C r u s h e d  B r i c ks S o l u t i o n  
D u r a t i o n  ( D ay )  (p p m )  (p p m )  
7 6 8 . 1 3 2 1 . 3  
1 4  6 7 . 2  3 3 0  
2 1  90 .4 3 2 8 .8 
2 8  1 26 .2  3 20 . 1  
3S  1 2 0 . 8  5 1 0  
42 1 90 . 7  490 . 1 
49 1 89.2 530 .6  
56 2 1 0  5 3 0.2 
63 206 60S 
70 1 60 63 0 . 1 
77 22 1 5 8 0 . 2  
9 1  2 2 8  625 
1 05 2 1 4  63 5 .6 
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1 20  
3.2. Th e Effect of Hydrogen Peroxide and Am mon i u m  Persulfate on 
the tota l  Concentration of Cyanide in the Crushed and Uncrushed 
Bricks Solu tions: 
SPL contained cyanides that were found by the ingress of air 
through opening in the potshell and subsequent reaction of nitrogen with 
carbon lining. Generation of aluminium carbides, sodium fluorides, and 
sodium cyanides could be the result of the reactions: 
4Na3A1F6+12Na+3C - A14C3+24NaF 
2Na+2C+N2 ------..- 2NaCN 
As a class, cyanides are highly toxic and must be destroyed or removed 
from SPL before disposal or reuse. The most common method for 
treating free or simple cyanide is alkaline chlorination. However, 
chlorination of cyanide results in highly toxic intermediates (e.g. 
cyan 0 gens chloride) and, if organic material is present, chlorinated 
VOC' s. These compounds, together with the residual chlorine, create 
additional environmental problems. Consequently, there is a growing 
need for alternative, non-chlorine methods for destroying cyanides. 
Peroxygen compounds such as hydrogen peroxide and persulfate 
are effective alternatives to alkaline chlorination for destroying free and 
complexed cyanides. The choice of peroxygen system depends on the 
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reaction time available, the desired products (cyanate or CO2 and NH3) 
the types of cyanide being treated, and the system economics. 
Destruction of cyanide was carried out through treatment with 
peroxygen compounds (H202 or (NH4)2S20g) aided by UV radiation, 
which known to enhance the destruction of cyanides to carbonate and 
nitrogen. It was found that UV irradiation alone could generate hydroxyl 
radicals in sufficient quantities to destroy the free cyanide that was 
formed from the reaction between the complex and UV. The production 
of hydrogen peroxide in water using UV irradiation was described by 
(Salle, 1961) .  
The advantages of peroxigen are:  
( i) CN- can be reduced smaller than 1 ppm. 
( ii) Slurries can be treated. 
(iii) Iron cyanides occurring in ferrous form are removed. 
(iv) Adds no dissolved salts or toxicity to effluent. 
A systematic study of the various experimental parameters, that 
affect the destruction process of cyanide, was carried out e .g. pH of the 
solution, and oxidation agents. In this  context, we studied the effect of 
acetic acid and hydrochloric acid in the destruction process of cyanide. 
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Also, the ammonium persulfate and hydrogen peroxide were used as 
oxidizing agent in this process. 
After taking a sample whether from the crushed bricks slurry tank 
or from the uncrushed bricks slurry tank, an acid would be added to 
reduce the pH-to-pH 9.0 .  As mentioned before, the pH value for the 
original in the range from pH 1 2. 5  to pH 12 .0  when a small amount of 
acid is added, we notice the formation of white gelatine precipitate which 
increasing at lower pH values, and reaches the maximum limit at pH 
1 0. 5 .  By stirring the solution with a metal bar, it becomes elastic and the 
solution starts to release the gelatine precipitates, which settle at the 
bottom of the beaker. Then, hydrogen peroxide or ammonium persulfate 
will be added to the solution to start the destruction of cyanide, as the 
time will be counted for starting from this moment. After that the 
distillation process of the sample was carried out two times after two and 
five days. 
The gelatine precipitate floating on the surface of the solution in 
the beaker shall be removed, which makes sucking the solution become 
difficult by using pipette, because some particle of the precipitate would 
be in it. Furthermore, before taking any sample from the one-litre beaker 
for distillation, the stirring of the solution in the beaker must be carried 
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out resulting in moving the precipitate and, consequently, causing us to 
wait till the solution becomes motionless. Many samples, as shown in 
Table 3 .2, were analysed and the results indicate that the cyanide 
concentration was increased with time, with some irregular results 
obtained (Figure 3 . 5) .  This indicates that the presence of this gelatine 
precipitate is markedly affecting the systematic destruction of cyanide 
concentration. 
To avoid the interference of this gelatine precipitate so, filtration 
process was carried out before adding oxidation agents whether hydrogen 
peroxide or ammonium persulfate. The precipitate was washed three 
times with distilled water, and then the washing solution and the filtrate 
were collected to further analysis. The separations of this precipitate 
leads to accelerate the activity of the oxidizing agent and consequently 
give an excell ent result and minimize the experimental error. 
3.3. Optim ization of the Destruction of Cyanide conditions: 
A problem in most SPL leaching processes is how to dispose of the 
cyanides. Most of the cyanide in weathered SPL leachate is complexed 
with iron and m ay be difficult to oxidized chemically. Treatment options 
for this aged leachate include iron salt precipitation, ultraviolet (UV) 
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enhanced oxidation, high temperature chlorination, polysulphide 
reactioIl:, hydrothermal decomposition or biological treatment. In the 
present study leaching of fresh SPL may easily be designed in such a 
way that the leach contains mainly uncomplexed cyanide. This cyanide is 
thus much easier to oxidized chemically. The present study concluded 
also that the UV enhanced the chemical oxidation method appeared to be 
the most promising. 
In order to find out the optimum conditions for destruction of 
cyanide, several experimental parameters were studied. The pH value as 
well as the amount of peroxygen has a pronounced effect on the rate of 
this process. In this context, the pH value of the investigated solutions 
was adj usted to a desired level, using acetic acid or hydrochloric acid, 
prior to the addition of peroxygen reagent. Furthermore, at the optimum 
pH value the effect of the amount of peroxygen agent on the destruction 
process of cyanide was studies . 
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3.3. 1 .  Effect of pH on the Destruction of Cyanide in  Presence of 
Hvdrogen peroxide and Am monium persul fate: 
3.3. 1 . 1 .  Crushed Bric ks Solution with Acetic A cid at various pH 
valu es: 
The pH of each sample was adjusted to a desired level prior to the 
addition of fixed amount of the oxidation agen� as listed in Table 2.2 .  
For the crushed bricks slurry tanks, 3.5 ml of hydrogen peroxide and 8 .84 
grams of ammonium persulfate were added. Whereas for the uncrushed 
bricks slurry tank, 1 .3 ml of hydrogen peroxide and 3 .37 grams of 
ammonium persulfate were added. The gelatine substance, which 
initially formed, was eliminated by filtration and then reducing the pH of 
the solution, which i s  pH 1 2.5 ,  to the required pH' s  by using acetic acid. 
The destruction process of cyanide which carried out in solution of 
varying pH (8- 1 2) is represented in Fig. ' s  3 . 7, 3 . 8  and Table 3 .3 .  
Destruction o f  cyanide in presence of HzOz or (NH4)zSz08 was found to 
be pH dependent. At pH 9.0 the destruction process gave a maximum 
response compared to media with other pH' s. It was found that at pH 9.0 
and in presence of H202 the cyanide concentration reduced from 700 .8  
ppm (control sample) to 397.2 ppm (43 .3%) an d  393.9 ppm (43 . 8%) after 
two and five days, respectively. However, in presence of ammonium 
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persulfate and at the same pH value (pH 9.0), the eN- concentration 
reduced from 700 . 8  ppm to 360. 1 ppm (48 .6%) and 3 5 1 .2 ppm (50. 1 %) 
after two and five days, respectively. 
This results indicate th� the presence of (NH4)2S20g as oxidizing 
reagent is more effective (48 .6%) for destroying free and comp1exed 
cyanides than the presence of H202 (43 .3%) at the same pH value and 
time. On the other hand the results show that the destruction process 
decreases in the pH order 9.0> 1 0.0>8 .0> 1 2.0 in presence of H202 or 
(NH4)2S20g . Finally, with any peroxygen system, a pH of (9- 1 0) should 
be maintained if cyanide is present to avoid release of hydrogen cyanide 
(HeN) gas. 
3.3.1 .2. Crush ed B ricks Solution with Concentrated Hydrochloric 
Acid at Various pH Values: 
The amount of cyanide destroyed in presence of peroxygen 
compounds, is  also affected by other variables such as destruction time 
and the type of acid (weak or strong) in addition to the variables of 
solution and concentration of oxidizing agent. The effect of replacing the 
weak acid (acetic acid) by strong acid (Hel) on the destruction of cyanide 
was investigated in presence of H202 and CNH4)2S20g (Table 3 .4  and 
Figures 3 .9  and 3 . 1 0) .  
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As shown in Table 3 .4, at pH 9.0 and in presence of (NH4)2S208 
the cyanide concentration reduced from the control value (727.3 ppm) to 
33 1 .4 ppm (54 .4%) and 325 ppm (55 .3%) after two and five days, 
respectively. However, in presence of H202 and at the same pH value 
(PH 9.0), the cyanide concentration reduced to 3 72.2 ppm (48 .9%) and 
3 70.8 ppm (49. 1 %) after two and five days, respectively. This results 
refers that the destruction process gave a maximum response at pH 9.0 in 
compared to other pH s values. This confirm that the rate of destruction 
process in presence of H202 or (NH4)2S208 is pH dependent, and is 
lowest in strongly alkaline solution (PH 12 .0), as indicated in Table 3 .4 .  
On comparison, the destruction process o f  cyanide i n  presence of 
acetic acid and hydrochloric acid recorded under the same condition (the 
same pH and oxidizing agent) shows that the rate of this process is higher 
in presence of HCI than that in presence of acetic acid. For example, the 
cyanide concentration reduced to 3 5 1 .2 ppm in presence of acetic acid 
while it reduced to 325 ppm in presence of HCI, at the same conditions 
(PH 9 . 0, after five days and in presence of (NH4)2S208. The same trend 
was observed in presence of H202, the cyanide concentration reduced to 
393 .9 ppm (45 . 9%) in presence of acetic acid while in presence of HCI it 
reduced to 3 7 1 . 8  ppm (48 .9%) at the same conditions (PH 9.0 and after 
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five days). This indicates that the higher hydrogen ion concentrated 
(HCI) yields distinct changes in the destruction process of cyanide and 
facilitates the destruction of cyanate (CNO-) to carbon dioxide and 
ammonia according to Le Chatelier' s principle. The equation is: 
On the other hand, the destruction time is more effective in the 
presence of CNfI4)2S20S with HCI or acetic acid in compared to other 
conditions.  For example, in the presence of C"NH4)2S20g with HCI the 
cyanide concentration reduced from 727.3 ppm to 33 1 .4 ppm after 2 
days, whil e  after 5 days the CN" concentration was reduced to 325 ppm. 
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Tab le 3.3 C ru shed Bricks Solu tion w ith Acetic Acid  at  V a rious pH Valu es 
Hydrogen Peroxide Hydrogen Peroxide Ammonium Ammonium Persulfate 
in solution A fter 2 in solution after 5 Persul fate in solu tion in solution after 5 days 
pH days (ppm) days (ppm) after 2 days (ppm) (ppm) 
Control 700 . 8  700. 8  700 . 8  700. 8  
PH S 456.7 443 .7 43 3 . 7  426 . 5  
PH 9 397.2 393 . 9  360. 1 35 1 .2 
PH 1 0  430 422.6 428.3 4 1 5 . 4 
PH 1 2  462.5 455 . 1 460.5 449.4 
Table 3 .4 C rushed B ricks Solu tio n w ith Co n centrated Hydrochloric A cid at Various 
pH Values 
Hydrogen Peroxide in Hydrogen Peroxide in Ammonium Persulfate Ammonium Persulfate 
solution A fter 2 days solution after 5 days in solution after 2 in solution after 5 
pH (ppm) (pp m )  days (ppm ) days (ppm) 
Control 727.3 727.3 727.3 727.3 
PH S 422.3 4 1 9.6 4 10 . 1  400.7 
PH 9 372.2 370.8 33 l . 4 325 
P H  1 0  428. 8 4 1 5 . 8  422. 1 4 1 0. 1  
PH 1 2  45 9. 1 450 448. 1 432. 1  
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3.3. 1 .3. Uncrushed Bricks Solution with Acetic A cid at Various pH 
Values: 
The destruction process of cyanide was also tested in the 
uncrushed bricks solution of varying pH (8 .0- 1 2. 0) in presence of acetic 
acicL and the results are listed in Table 3 . 5  and F ig' s 3 . 1 1  and 3 . 1 2. A 
fixed amount of the oxidation agent was added to the uncrushed bricks 
slurry, where, 1 .3 m1 and 3 .3 7g of hydrogen peroxide and ammonium 
persulfate were addecL respectively. It was found that, the rate of 
destruction process in the pH range from 8 . 0  to 1 0. 0  is more or less the 
same. At pH' s  8 . 0, 9 .0  and 1 0. 0  and in presence of H202 the cyanide 
concentration reduced from 3 99 . 4  ppm to 33 5 . 5  ppm ( 1 6%), 330.4 ppm 
( 1 7.3%) and 329 . 5  ppm ( 1 7. 5%) after two days, respectively. This 
indicate that the destruction process of cyanide gave a maximum 
response in the pH range from 8 to 1 0  ( 1 6- 1 7%) in presence of acetic 
acid. The same trend was observed after 5 days with slightly decreased in 
the cyanide concentration. 
At higher pH values (e.g.  pH 1 2. 0), hydrogen ions is less available, 
hence the rate of the destruction process decreased. H owever, in the 
presence of ammonium persulfate, and at pH' s  8 . 0, 9 .0  and 1 0.0, the eN" 
concentration reduced from 399.4 ppm to 322.3 ppm (20%), 3 1 5 .6 ppm 
(20 .9) and 3 1 9 .2 ppm (20%) after two days, resp ectively.  This results 
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refer tha� the rate of destruction of cyanide in the presence of 
(NH4)2S20g is higher than that in the presence of H202 at the same pH 
values (acetic acid) . 
3.3. 1 .4. U ncrush ed Bricks Solution with Concentrated Hydrochloric 
Acid at Various pH Values: 
The effect of pH on the destruction process of cyanide for 
uncrushed bricks solutions was also carried out using hydrochloric acid 
instead of acetic acid in presence of H202 and (NH4)2S20g. As shown in 
Table 3 .6  and Fig' s 3 . 1 3  and 3 . 1 4, the destruction of cyanide was 
investigated at different pH values (8- 1 2). At pH 9 .0 the destruction 
process gave a maximum response compared to media with other pH' s  in 
and in the presence of H202 the cyanide concentration reduced from the 
control value (400 ppm) to 320.6 ppm ( 19 . 80/0) and 3 1 8  ppm (20.5%) 
after two and five days, respectively. Whereas, in the presence of 
(NH4)2S20g and at the same pH value (PH 9.0) the cyanide concentration 
reduced to 280.3 ppm (30%) and 277.3 ppm (30.6%) after 2 and 5 days, 
respectively. From this results we can concluded that, the used of 
(NH4)2S20g as oxidizing agent for destruction of cyanide in the 
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uncrushed bricks solution more effective than that of H202 at the same 
conditions. 
On comparison the destruction of cyanide concentration in the 
crushed and uncrushed bricks solution investigated under the same 
conditions shows that, the destruction process is very fast in the crushed 
bricks solution whether in the presence of H202 or (N�)2S208, as 
indicated in Table 3 . 7. Furthermore, the rate of destruction of cyanide is 
higher in the crushed bricks solution than that in uncrushed bricks 
solution whether in the presence of acetic acid or hydrochloric acid. For 
example, at pH 9.0 and in presence of H202 with HeI the percentage of 
destruction of cyanide concentration is 49. 1 %, and 20. 5% for the crushed 
and uncrushed bricks solutions, respectively, after 5 days. Whereas, in 
the presence of �)2S208 and at pH 9.0 with Hel the percentage of 
destruction reached 50 . 1 % and 22.8% after 2 days for the crushed and the 
uncrushed bricks solutions, respectively. The rate of destruction of 
cyanide has the same trend in presence of acetic acid after 2 or 5 days, 
the percentages of destruction of cyanide in the presence of H202 or 
(NH4)2S20g as well as in the presence of Hel or acetic acid after 2 or 5 
days are cited in Table 2.5  and 2.6 .  
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According to the aforementioned results we can concluded the 
following points : 
(i) The activity of the oxidizing agent (H202 or (NH4)2S20g) 
depends in the nature of the sample, i .e . ,  crushed or uncrushed 
bricks sample. This may be attributed to the homogeneity of the 
crushed bricks samples in compared to the uncrushed bricks 
samples, which lead to the oxidizing agent, react with whole 
sample. 
(ii) Comparison of the rate of the destruction process of cyanide in 
presence of HCl with the corresponding data in presence of 
acetic acid at the same pH shows that the activity of oxidizing 
agent (H202 or CNIil)2S208) is significantly smaller in presence 
of acetic acid than that in presence of HCl. In general, the 
results confirm the observation that strong acids are more 
effective in removing CN- from the carbon than weak acids or 
water. 
(iii) The rate of destruction of cyanide depends on the pH value and 
the time of destruction process. In general, at pH 9.0 (in 
presence of HCl or acetic acid) the destruction process gave a 
maximum response compared to media with other pH' s. 
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Table 3.5 Uncrushed Bricks Sol u tion with Acetic Acid at Various  pH Values 
Hydrogen Pe roX" ide H yd rogen PeroX"ide Amm onium Persu l fate Ammonium 
in solution After 2 in solution after 5 in solution afte r 2 days Persulfate in solution 
pH days (ppm) days (ppm) (ppm) after 5 days (ppm) 
Control 399.4 3 99.4 399.4 399.4 
P H S 3 3 5 . 5  3 34 . 1  322.3  3 1 5 . 6  
P H 9 3 3 0 .4 324. 1 3 1 5 .6 308.3 
P H  10 329.5 327.9 3 1 9.2 3 1 2 .4 
P H  1 2  342.6  3 39. 1 329.4 320 
Table 3.6 Un crushed B ricks Solution w ith Concen trated H yd rochloric A cid at 
Various p H  V alues 
Hydrogen Peroxide Hydrogen Peroxide Ammonium Persulfate Ammonium 
in solution After 2 in solution after 5 in solution after 2 Persulfate in solution 
pH days (ppm) days (ppm) days (ppm) after 5 days (ppm) 
Control 400 400 400 400 
PH S 326.8 3 23 . 1  288 .4  280.6 
PH 9 320.6 3 1 8  280.3 2 7 7 . 3  
PH 10 3 2 l .9 3 20.4 2 8 5  280.3 
PH 12 344 3 3 0 . 1  322.3  3 1 6  
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Table 3.7 The Rate o f  Destruction of Cyanide in Crushed and U ncrushed Bricks 
Samples at pH 9.0 
Crushed Bricks Uncrushed Bricks 
Oxidizing Time Loncentrated Loncentrated 
Agents (Day) Acetic Acid Hydrochloric Acid Acetic Acid Hydrochloric Acid 
Hydrogen 2 43.30% 48.90% 17.30% 19.80% 
Peroxide 
5 43.80% 49. 1 0% 18.80% 20.50% 
Ammonium 2 48.60% 54.40% 20.90% 30% 
Persulfate 
5 50. 10% 55.30% 22.80% 30.60010 
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3.3.2. Effect of A mount  of the Peroxygen Compounds on the 
Destruction of Cyanide: 
The amount of peroxygen compounds has a pronounced effect on 
the rate of destruction of cyanide whether in crushed or uncrushed bricks 
sample. In order to find out the optimum concentration of pero}..),gen 
compounds for destruction of cyanide, several experiment were studies in 
presence of acetic acid or hydrochloric acid. As mentioned above, a 
maximum response for the destruction of cyanide was observed at pH 9.0 
and it  is considered for destruction purposes owing to its high response 
relative to other pH' s. Therefore, the optimum pH value of 9.0 was 
chosen for further studies of the destruction of cyanide in presence of 
H202 or (NH4)2S20S . The effect of destruction time was also considered 
in this experiment, where the process carried out at two and five days. 
First of all, the amount of the cyanide in the samples solutions was 
measured before adding the pero}..yrgen compounds and used as control 
sample. All analysis were carried out in duplicate to avoid any 
experimental error especially the main sample which taken from the 
slurry tanle 
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3.3.2.1 .  Effect of Amount of Peroxvgen Compou nds on the 
Destruction of Cyan ide in Cru s h ed Bricks Solutions with Acetic 
Acid : 
The cyanide removal rates achieved by adding different dosages of 
H202 or (N1L)2S20g to the crushed bricks solutions at pH 9.0 (acetic 
acid) are compared in Table 3 . 8  and Fig's  3 . 1 5  and 3 . 1 6 . As the amount 
of H202 adding increases the cyanide concentration was decreased 
slowly, however, at the fourth addition of H202 ( l 4ml) a significant 
decreased in the cyanide concentration was observed. In that the cyanide 
concentration reduced from 596.2 ppm (control) to 3 88.2 ppm (34.9 %) 
when 1 7 . 5  ml of H202 was added, at two or five days. The results 
indicate the ineffective of the destruction time on the cyanide 
concentration in presence of H202. 
However, the effect of amount of (NH4)2S20g on the destruction 
of cyanide for crushed bricks solution is interesting. The addition of 
resulted in a markedly decreased in the cyanide 
concentration, in that, the eN- concentration decreased from 596.2 ppm 
to 47 .6  ppm (92.0%) and to 45 ppm (92. 5%) at 2 and 5 days, 
respectively. 
The results show that ammonium persulfate is much more effective 
(92 . 5%) than hydrogen peroxide (34 .9%) in destruction of cyanide from 
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SPL, as ma be expected because H202 is generally ineffective in 
oxidation significant amount of simple anions from solution. The results 
also show that there are no big differences in effectiveness among the 
time of 2 or 5 days used in the present study. 
3.322. Effect of A mount  of the Peroxygen Compounds on the 
Destruction of Cyanide in Crushed Bricks Solutions with 
Concentrated Hvdroch loric A cid:  
The same procedure in 3 .3 .2. 1 was repeated with hydrochloric acid 
instead of acetic acid and the results were cited in Table 3 .9 and Fig 's  
3 . 1 7  and 3 . 1 8. As show in  Table 3 .9, the rate of destruction of  cyanide in 
the sample solution containing H202 and HeI did not differ considerably 
than that obtained with H202 and acetic acid. After 2 and 5 days and in 
presence of 1 7 . 5  m1 of H202 with HCl cyanide concentration decreased 
from 66 1 .2 ppm to 3 70 ppm (44.00/0) and 3 64 ppm (44.9%), respectively. 
On the other hand, the addition of 44.2g of (NILD2S208 (the fifth 
addition ) in presence of HCl lead to the rate of destruction of cyanide 
became very fast in compared to that in presence of acetic acid In this 
context, the cyanide concentration dropped from 66 1 .2 ppm (control 
sample) to 29 . 8  ppm (95 . 5%) and to 1 8 .6  ppm (97.2%) after 2 and 5 
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days, respectivel . The results indicate also the effect of the time in the 
oxidation reaction between (NH4)2S20S and CN". The results show also 
that (NH4)2S20 is much more effective (97.20/0) than H202 (44 .9%) in 
the destruction of cyanide from SPL, under the same conditions. 
Furthermore, the ammonium persulfate is more effective ill 
destruction of CN- in presence of HCI than acetic acid. For example, the 
addition of 3 S .3 6g (third addition) of (NH4)2S20S to the crushed bricks 
sample lead to the CN- concentration reduced to 82. 1 % and 94. 7% in 
presence of acetic acid and HCI, respectively, after 5 days. Therefore, the 
reaction between CNli4)2S20S and CN- in presence of HCI is shown to be 
much more rapid than that reaction in presence of acetic acid. 
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Table 3.8 Effect of Amount of Peroxygen Compounds on the Destruction of Cyanide 
in C rushed Bricks Solutions w ith Acetic Acid 
Hydrogen Peroxide in Hydmgen Peroxide in Ammonium Persulfate Ammonium Persulfate 
solution After 2 days solution after 5 days in solution after 2 in solution after 5 days 
Addition (ppm) (ppm) days (ppm) (ppm) 
Control 596.2 596.2 596.2 596.2 
1 532. 1 493 . 3  506.6 480 
2 525 .7  474.2 445. 7  41 1 .4 
3 522 443. 8  426.6 392.4 
4 390.4 390 1 08.5  1 06.6 
5 388.2 388. 1 47.6 45 
Table 3.9 Effect of Amount of the Peroxygen Compounds on the Destruction of 
Cyanide in Crushed Bricks Solutions with Concentrated Hydrochloric Acid 
Hydrogen Peroxide Hydrogen Peroxide in Ammonium Ammonium 
in solution After 2 solution after 5 days Persulfate in solution Persulfate in solution 
Addition days (ppm) (ppm) after 2 days ( ppm) after 5 days (ppm) 
Control 66 1 . 2  661 . 2  66 1 . 2  661 . 2  
1 5 5 4  549 580.7 580 
2 5 3 6  5 3 5  498. 5  501 . 2  
3 521  520 97. 1 97. 1 
4 3 79. 1 3 80 4 1  3 5  
5 3 70 364 29. 8 1 8.6 
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3.3.2.3. E ffect of A mount  of the Peroxvgen Compounds on the 
Destru ction of Cva nide in Uncrushed Bricks Solutions with Acetic 
Acid: 
Unlike crushed bricks samples, the cyanide in the uncrushed bricks 
samples cannot be completely destroyed by increasing the amount of the 
perO} .. rygen compounds, which may be expected due to the heterogenous 
uncrushed bricks solutions. 
The results shown in Table 3 . 1 0  and Fig' s 3 . 19 and 3 .20 indicate 
that the rate of destruction of cyanide whether in presence of H202 or 
(NH4)2S208 is too slow as the amount of peroxygen compounds 
increased. For example, the addition of 6 .5  ml of H202 lead to the 
cyanide concentration decreased from 40 1 . 1  ppm to 275 ppm (3 1 .4%) 
and to 260 ppm (3 5 .2%) after 2 and 5 days, respectively. Whereas, the 
addition of 1 6 . 85g  of (NH4)2S208 to the uncrushed bricks sample, leads 
to the CN- concentration reduced to 259.2 ppm (35 . 4%) and 252.3 ppm 
(37 . 1%) after 2 and 5 days, respectively. This result indicates that the rate 
of destruction process of cyanide in uncrushed bricks samples has more 
or less the same value in presence of H202 or �)2S208. In general, the 
destruction process of cyanide in the uncrushed samples is highly 
hindered in compared to that for the crushed samples. For example, in 
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presence of (NH4)2S20g with acetic acid the cyanide concentration 
reduced to 92 . 5% and 37 . 1 % for the crushed and uncrushed bricks 
samples, respectively .  
3.3.2.4. Effect of  A mount  of the  Peroxvgen Compounds on the 
Destru ction of Cyanide i n  Uncrushed B ricks Solu tions with 
Concentrated Hyd roch loric :  
As expected, the rate of  destruction of cyanide in crushed bricks 
samples with Hel is believed to be more rapid than that in the uncrushed 
bricks samples, under the same conditions. From the data cited in Table 
3 . 1 1  and Fig s 3 .2 1  and 3 .22 we can show that, as the amount of R20l 
increases from 1 .3m1 to 6. 5m1 the cyanide concentration after 5 days 
decreased to 3 50 ppm ( 13 .70/0) and 268 . 5  ppm (33 . 80/0), respectively, in 
compared with the value of control sample 405 . 5  ppm eN'. Whereas, the 
addition of CNH4)2S20g in the range 3 .37g- 1 6.85g to the uncrushed 
sample and after 5 days leads to a decreased in the cyanide concentration 
in the range 1 8 .4%-48.2%, respectively. Although the rate of destruction 
process of cyanide in the uncrushed sample is very slow, the reaction 
between (NH4)2S20g and eN' in uncrushed sample is shown to be more 
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rapid than the reaction between H202 and CN-, under the same 
conditions. 
The results of this experiment refer also that; the rate of destruction 
of cyanide in presence of H202 with HCI is more or less the same as that 
with acetic acid Whereas, the used of HCI instead of acetic acid 
accelerate the destruction process of cyanide in presence of (NH4)2S20a, 
as indicated in Figures 3 .2 1  and 3 .22 . 
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Table 3. 1 0  Effect of Amount  of Peroxygen Compounds on the Destruction of Cyanide 
in Uncrushed Bricks Solutions with Acetic Acid 
Hydrogen Peroxide Hydrogen Peroxide Ammonium Persulfate Ammonium 
in solution A fter 2 in solution after 5 in solution after 2 days Persulfate in solution 
Addition days (ppm) days (ppm) (ppm) after 5 days (ppm) 
Control 40 1 . ]  40 1. ] 40 1 . 1  401 . ]  
1 370 369 368 364 
2 365 365 360 358. 1 
3 364.2 363 .3  3 5 8  356 
4 275 275 264 259.2 
5 275 260 259.2 252.3 
Table 3.1 1  Effect of Amount of the Peroxygen Compounds on the Destruction of Cyanide 
in Uncrushed Bricks Solutions w ith Concentrated Hydrochloric Acid 
Hydrogen Peroxide Hydrogen Peroxide in Ammonium Ammonium 
in solution After 2 solution after 5 days Persulfate in solution Persulfate in solution 
Addition days (ppm )  (ppm) after 2 days (ppm) after 5 days (ppm) 
Control 405.5 405.5 405.5 405.5 
1 359.8 350 335 . 1  331  
2 3 54.3 352.4 3282 325 
3 352.4 350.5 327.4 320.5 
4 283 274 249.3 245.5 
5 28 1 268.5 243 .6 2 1 0  
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Cha pter IV 
Fluoride Removal 
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4. Fluoride Removal 
The SPL often contain excessively high concentrations of 
contaminants. One contaminant of particular concern is fluoride, 
originating from the penetration of the molten electrolyte into the carbon. 
Where, the smelting process involves the electrolysis of alumina, 
dissolved in cryolite (NaJAlF6), in the cell having carbon electrodes and 
carbon lining used to transmit current from the cathodic collector bar and 
to contain the molten aluminium product and alumina-containing 
electrolyte. Generation of sodium fluoride could be the result of the 
reaction : 
The main component in SPL other than carbon is NaF, in that it 
contains about 30 wt% carbon, 30 wt<>Jo refractory and 40 wt% fluoride 
salts as well as 0.2 wt% cyanide salts. It is well known that eN- and F are 
harmful to human beings. Hence SPL is listed as a hazardous waste by 
more and more countries. Unlike cyanide, fluoride present in the SPL 
cannot be destroyed by oxidation in aqueous solution. Because the 
fluoride problem is more intractable, most of the experimental work was 
aimed at attempting to remove the fluoride impurity by extraction with 
aqueous media differing from one another in pH and ionic composition. 
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4.1  Leaching of FJu oride in Uncru shed and Cru shed Bricks Solution : 
The leaching process of fluoride was carried out in tap water, 
which lasted 508 days until the concentration of fluoride approximately 
become constant. The results of this set of experiments are summarized 
in Table 4. 1 .  The leaching of fluoride started simultaneously with the 
leaching of cyanide in the same tank for both crushed and uncrushed 
bricks samples. As shown in Table 4. 1 ,  the leaching process of fluoride is 
more effective in tap water whether in crushed or uncrushed bricks 
solution; similar treatment was reported using the toxic characteristic 
leaching procedure (TCLP). The corresponding concentrations of 
fluoride in leachates obtained upon determination of the extent of 
leaching of fluoride from SPL reach up to 4323 .2 ppm and 34 1 5 .5 ppm 
for crushed and uncrushed bricks samples, respectively. 'This result 
indicates that the rate of leaching process of F in crushed bricks solution 
is slightly higher than that in the uncrushed bricks solution. Unlike 
cyanide, fluoride absorbed on the surface of SPL, so, the rate of leaching 
process of F in the crushed bricks samples is very close to that obtained 
in the uncrushed samples. 
An additional information about the course of the leaching process 
of F offers the plot of fluoride concentration in leachates (Cppm) against 
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the time (cia ), in Figures 4. 1 and 4.2. The fluoride concentration in the 
leachates increases with increasing the leaching time in the form of an 
isotherm. At longer leaching time (>6 1 days) an equilibrium 
concentration is reached and the curve become then constant (steady 
state), whether for crushed and uncrushed bricks solutions. 
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Ta ble 4 . 1 L each ing of Fluo ride in  U n c rushed and C rushed Bricks Solutio ns 
Fluoride Con centration in Flu oride C on centration in 
Duration (Day) Crushed Br icks (ppm) Uncrusbed Bricks (ppm) 
7 984.64 900 
1 4  1 623 . 1  1 446.2 
1 8  2092.4 1 746 .2 
23 2538 .5  2072.4 
28 266 1 . 6 2 1 46.2 
33 3 1 5 3 .9 2 507.8 
38 3284.7 266 1 .6 
43 3 569.3 2 800. 1 
48 3723 .2 2907. 8  
53 3 8 1 5 . 5  2953 .9  
63 406 1 .6 3 092.4 
68 4 1 69.3  3 1 5 3 .9 
165 4200. 1 326 1 .6 
286 42 1 5 .5  3307 .8  
352 426 1 . 6  3 3 5 3 .9 
508 4323 .2 34 1 5 . 5  
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Figure 4. 1 Leaching of fluoride in Uncrushed Bricks solution 
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Figure 4.2 Leaching of fluoride in Crushed Bricks Solution 
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4.2. Removal of Flu oride as Calc ium Fluoride: 
As the chemistry of fluoride is quite different from cyanide, 
separate treatments of the two pollutants were pursued in this study. As 
the Fluoride treatment process was chosen a treatment with high calcium 
lime to precipitate the fluoride as CaF2. Using NaF as an example of SPL 
fluorides, the reaction is as follows: 
Ca(OHh + 2NaF ::;:,===�'" CaF2 + 2NaOH 
This treatment converts most fluoride compounds to the relatively 
insoluble CaF2. Total calcium added is in excess of the stoichiometric 
amount needed to form CaF 2. The excess lime is needed to reduce the 
level of F and other anions to acceptable levels for recycle. It is claimed 
that the process produces a solid residue suitable for disposal in a 
conventional industrial landfill and that it will pass hazardous deli sting 
criteria for soluble fluoride. 
In order to find out the optimum conditions for collection of fluoride as 
CaF2, several experimental parameters were studied, e.g. collection time 
and the amount of calcium lime. The collection time as well as the 
amount of Ca(OH)2 has a pronounced effect on the removal of fluoride 
from the leacheate, as show below. 
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4.2. 1 .  Effect of Ti me on the Removal of Fluoride as CaF6 in  
Uncru sh ed and  Cru s h ed Bricks Sol u tions: 
The effect of time on the removal process of F in the crushed and 
uncrushed bricks samples was performed by keeping the constant 
concentration of the calcium lime (3 . 5  g CaO) while varying the time. 
The results shown in Tables 4.2 and 4.3 confrrm the observation that the 
extended collection time is more effective in removing F from SPL. For 
uncrushed bricks samples (Table 4 .2), the fluoride concentration 
decreased from 3445 ppm (the control sample) to 1 060 ppm (69 .2%) and 
855  ppm (75 .20/0) after 24 and 48 hours, respectively. While after 1 00 
hours a steady state was observed as shown in Figure 4.3,  in that the F 
concentration become approximately constant, and the reaction stopped 
after 1 92 hours with a fluoride concentration of 760 ppm (77.9%) . 
However, for the crushed bricks samples, the F concentration 
reduced from 43 75 ppm to 1 440 ppm (67. 1 0/0) and 755  ppm ( 82.7%) after 
24 and 48 hours, respectively. The plot of time VS. F concentration shows 
a steady state after 48 hours (Figure 4.4).  While a small decrease in the F 
concentration was observed after 96 hours to 725 ppm (83 . 4%). This 
leads to the conclusion that the bulk concentration of fluoride was 
removed within 2 or 3 days whether in crushed or uncrushed bricks 
samples, and no significant changes was observed after 3 days. On the 
- 1 27 -
other hand, the percentage of F concentration removed after 24 hours are 
69.2 % and 67. 1 %  for uncrushed and crushed bricks samples, 
respectively. This result confmns the observation that, the fluoride salt 
concentrated on the surface of SPL and did not penetrate inside. This 
indicates that the removal process is limited to the removal of fluoride 
present close to the surface of the SPL. 
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Figu re 4.2 E ffect of Time on the Removal of Fluoride as CaF2 in 
U n  cru shed Solutions 
Am ou n t  of CaO Volu m e  of solution Flu oride 
Sam p l e  T i m e  ( H R S) (g) ( m l) C on cen tration (ppm ) 
Con t ro l  0 0 1 0  3 445 
1 24 3 . 5  1 0  1 060 
2 48 3 . 5 1 0  855 
3 72 3 . 5 1 0  840 
4 96 3 .5 1 0  8 1 0  
5 1 20 3 . 5 1 0  800 
6 1 44  3 . 5  ] 0  770 
7 1 68 3 . 5 1 0  770 
8 1 92 3 . 5 1 0  7 60 
9 2 1 6  3 . 5  1 0  760 
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Fig u re 4 .3 E ffect of Tim e on  the  Rem oval of Flu oride as CaF2 in  
C ru shed Sol u tions 
.NUOTlOe 
Amount of Volume of solution Concentration 
Sample Time (HRS) CaO (g) (ml)  (ppm) 
Control 0 0 1 0  4375  
1 24 3 . 5  1 0  1 440 
2 48 3 . 5  1 0  7 5 5  
3 72 3 . 5  1 0  7 5 5  
4 96 3 . 5 1 0  725 
5 1 20 3 .5 1 0  7 2 5  
6 1 44 3 . 5 1 0  7 2 5  
7 1 6 8 3 .5 1 0  725 
8 1 92 3 . 5  1 0  725 
9 2 1 6  3 .5 1 0  725 
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4.2.2. Effect of A mount of the Calcium Lime on the Removal Process 
of Flu oride as CaF1 in Uncrushed and Crushed Bric ks Solutions: 
The effect of the amount of Ca(OH)2 on the removal process of F-
as C aF2 is followed over a wide concentration range of Ca(OH)2 (3 . 5g to 
2 1 g  C aO). (Tables 4 .4  and 4 . 5). Figures 4 .5  and 4.6 show the pronounced 
effect of the amount of Ca(OH)2 on the rate of the precipitation of F as 
CaF2 in uncrushed and crushed bricks samples. It was found that, the 
fluoride concentration in the uncrushed sample reduced from 3445 ppm 
to 7 1 0  ppm (79.4%) and 98 ppm (97 .2%) when 7g and 2 1 g  of calcium 
oxide was added, respectively. However, for the crushed bricks sample 
the F concentration decreased from 4375 ppm to 975 ppm (77.7%) and 
65 ppm (98. 5%) when 7g and 2 1 g  of CaO were added, respectively. This 
result confirms that the removal of fluoride from SPL independent of the 
nature of sample, i .e . ,  crushed or uncrushed bricks samples. 
The studies reported here show that cyanide and fluoride, the 
hazardous constituents present in SPL from electrolysis cells used in 
aluminium production, can be effectively removed by chemical cleaning. 
In the case of fluoride, treatment with 2 1  g calcium oxide for about 24 
hours at room temperature can reduce the amount of leachable fluori de 
by almost 98%. 
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The advantages of this treatment route over other resource recovery options 
are : 
(i) Relatively cheap readily available reagents, 
( ii) No environmentally damaging effluents, 
(iii) CaF2 is recoverable from the solid phase for conversion to AlF3 
which can be recycled to the smelter, 
(iv) Utilises simple, proven unit operations on a small scale and 
(v) Recycle of solid residue from AlF3 recovery as waste fuel .  
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Figure 4.4 E ffect of A m o u n t  of the Calcium Lime on the  Rem oval Process of Flu oride 
as CaF2 in Uncru sh ed Solutions 
Fluoride 
Sam ple Amount of CaO (g) Vol u me of solution ( rol) Time (HRS) Concentration (ppm ) 
Control Q 1 0  24 3445 
1 7 1 0  24 7 1 0  
2 1 0.5 1 0  24 455 
3 1 4  1 0  2 4  1 80 
4 1 7.5 1 0  24 1 30 .5  
5 2 1  1 0  24 98 
Figu re 4.5 Effect o f  A m o u n t  of  the C alci u m  Lime  on th e Rem oval Process of  Flu o ride 
as C aF2 in C ru sh ed Solu tions 
Fluoride 
Sample A m ou n t  of CaO (g) Volume of solution (ml) Time (HRS) Concentration (ppm) 
Con trol 0 1 0  24 437 5  
1 7 1 0  24 975 
2 1 0. 5  1 0  24 4 1 0  
3 1 4  1 0  24 1 94 
4 1 7 . 5  1 0  24 102 . 5  
5 2 1  1 0  24 65 
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Chapter V 
Conclusion 
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Con clusion 
The studies reported here show that cyanide and fluoride, the 
hazardous constituents present in SPL material from electrolysis cells 
used in aluminium production, can be effectively removed by chemical 
cleaning. In the case of cyanide, treatment with (NH4)2S20S (44.2 g, pH 
9 .0, acetic acid) for 2 days results in a destruction of > 92.0% of total 
cyanide content throughout the entire mass of the sample. However, 
treatment with the same amount of CNlLI)2S20S in presence of Hel (PH 
9 .0) for about 5 days can reduce the amount of CN- by almost 97.0%, 
while a reduction by more than 95% is obtained in 2 days. On the other 
hand, treatment with 2 1  g calcium oxide for about 24 hours at room 
temperature can reduce the amount of leachable fluoride by more than 
98%. 
The present study concluded also that, the rate of destruction of 
cyanide from SPL samples is highly affected by several experimental 
parameters, such as, pH value, type and amount of oxidizing agent, 
nature of the sample, etc. 
• In this context, it was found that the activity of the oxidizing 
reagent (H202 or (NH4)2S20S) depends in the nature of the 
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sample, i .e . ,  crushed or uncrushed SPL sample. For example, 
the treatment with (N1L)2S20g in presence of acetic acid (PH 
9 .0) can reduce the cyanide concentration to 92. 5% and 37 . 1 % 
for the crushed and uncrushed SPL samples, respectively. 
• The rate of the destruction process of CN' in the presence of 
acetic acid is significantly smaller in compared to the 
corresponding data in presence of HC!. For example, the 
treatment of  the crushed SPL sample with C'NH4)2S20g (33.36 g 
pH 9.0, 5 days) leads to the CN' concentration reduced to 
94 . 7% and 82. 1 %  in presence of HCI and acetic acid, 
respectively . In general, the results confmn the observation that 
strong acids are more effective in removing CN- from the 
carbon than weak acids or water. 
• The results show also that (NH4)2S20g is much more effective 
(97 .2% destruction) than H202 (44 .9% destruction) in the 
destruction of cyanide from SPL samples, under the same 
conditions. 
• Furthermore, the pH value as well as the amount of peroxygen 
compound has a pronounced effect on the rate of destruction of 
cyanide from SPL.  At pH 9.0 (in presence of HC! or acetic 
- 1 40 -
acid) the destruction process of eN- gave a maximum response 
compared to media with other pH' s, and the rate of destruction 
decreased in pH order: 9 .0> 1 0 .0z8 .0> 12 .0 .  In general, with any 
per oxygen system, a pH of (9- 1 0) should be maintained if 
cyanide is present to avoid release of hydrogen cyanide (HCN) 
gas. On the other hand, as the amount of (NH4)2S20S increases 
from 8 .84 g to 44.2 g the cyanide concentration, in crushed 
SPL, decreased from 1 2.30/0 to 97.2%, respectively, in presence 
of Hel after 5 days. 
Unlike cyanide, fluoride present in SPL cannot be destroyed by 
oxidation in aqueous solution. Because the F problem is more 
intractable, most of the experimental work was aimed at attempting to 
remove the F by extraction with aqueous media. In the present study, the 
leaching of F carried out s imultaneously with leaching of eN- in the 
same tank for both crushed and uncrushed SPL samples. The fluoride 
treatment process was chosen a treatment with high calcium lime to 
precipitate the fluoride as CaF2. Several experimental parameters, such 
as, collection time and amount of calcium lime, which directly affect the 
removal of F as CaF 2, were optimized. It was found that the bulk 
- 1 4 1  -
concentration of F was removed within two or three days whether in 
crushed or uncrushed SPL samples, and no significant change was 
observed after three days. On the other hand, as the amount of calcium 
oxide increases from 7 g to 2 1  g the F concentration decreased from 
77.7% to 98 .5% for crushed SPL samples, respectively, while a reduction 
from 79.4% to 97.2% is obtained in the uncrushed SPL samples. These 
results indicate that the removal of F from SPL independent on the 
nature of sample, i .e.  crushed and uncrushed SPL. This result confirms 
the observation that the fluoride salt concentrated on the surface of SPL 
and did not penetrate inside. 
The results obtained in the present study show that the chemical 
cleaning is a potentially useful technique for removing cyanide and 
fluoride from SPL material, making it possible to dispose of the material 
as non-hazardous or to reuse it Chemical cleaning is likely to be 
effective in treatment of SPL material on a longer scale, it may be most 
convenient to carry out the chemical cleaning operation in flow mode 
rather than in bath mode. The above study provide a route for minimizing 
the volume of hazardous waste generated by economically feasible 
washing technique to remove the bulk of the contamjnants from the SPL 
material may broaden the range of applications for reusing this material 
- 1 42 -
and alleviate the problem of dealing with this material as hazardous 
waste. 
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